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ABSTRACT
Pesticide resistance in Louisiana mosquitoes has 
never been examined on a state-wide basis. In 1996, the 
first component of this monitoring program examined 
selected pesticide efficacies and documented current 
pesticide resistance. Ground ULV-appiied Fyfanon®
(96.8% malathion and Pyrocide® (96.8% + 1% natural 
pyrethrum) were applied to caged Culex quinquefasciatus 
adults (Denham Springs [Livingston Parish] and Lake 
Charles [Calcasieu Parish]) and Aedes sollicitans 
(Vermilion Parish). Fyfanon® caused significantly 
different (p<0.05) mortalities among each species and 
strain within 24hrs (95% Aedes, 48% Denham Springs, and 
14% Lake Charles). Pyrocide® also produced 
significantly different mortalities (99%, 70%, and 38%, 
respectively).
Malathion and permethrin were topically applied to 
3-5 day old adult mosquitoes from 14 parishes. St. 
Martin parish Cx. quinquefasciatus was most susceptible 
to malathion (2.58 jig / pi), and the Vermilion strain was 
most resistant (417.05 nq/pl). Resistance is based on a 
^5-fold resistance ratio. Calcasieu parish strain was
xii
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least resistant to permethrin (1.93 fig/yl), and the St. 
Tammany parish strain was most resistant (40.86 fiq/fdl) .
Detecting pesticide resistance by bottle bioassay 
technique was compared to topical bioassay. Both 
techniques were effective in detecting resistance for 
selected Aedes, Anopheles, and Culex species in 
Louisiana.
Ground ULV 91% malathion was applied to caged Cx. 
quinquefasciatus adults from a mosquito abatement 
district, agrichemical farmland, and a susceptible 
colony. No significance (p>0.05) existed in mosquito 
mortality between the agrichemical area and the 
abatement district.
Bacillus thuringiensis var. israeliensis (VectoBac® 
WDG and VectoBac® 12AS) and Bacillus sphaericus 
(VectoLex® WDG and VectoLex® CG) were applied by air 
and ground in ratoon rice against Culex larvae. Aerial 
VectoBac WDG produced poor control (<22%) of Cx. 
salinarius but excellent control (95%) at 24 hrs by 
ground application. Except for Day 9 (91% mortality), 
VectoBac 12AS caused <60% control of Culex. Aerial 
VectoLex WDG produced poor control (<45%) of Culex, but 
the ground-applied VectoLex WDG resulted in
xiii
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significantly greater Culex mortality {>10%) than the 
VectoBac formulations. Ground VectoLex CG produced the 
greatest Culex mortality (75-100% mortality for nine 
days), whereas aerial VectoLex CG resulted in poor 
control (<40% for the same period).
xiv
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INTRODUCTION
According to the World Health Organization (WHO), 
serious attention to pesticide resistance in mosquito 
populations began about 1970 (WHO 1980), and resistance 
of mosquitoes to selected insecticides has increased 
exponentially- over the years (Georghiou and Mellon 
1983) . Pesticide resistance is not only a serious 
concern among the professionally operated mosquito 
abatement districts (MADs) in the United States, but 
according to Glass (1986), other agricultural 
groups (i.e., pesticide industry, farmers, agricultural 
researchers, and state and federal agricultural 
agencies), were aware of the problem also regarding, 
agricultural insect pests.
In the past pesticide resistance was addressed by 
either changing to other chemical classes (Ruscoe 1987 
and WHO 1980), increasing the frequency of applications, 
or applying the insecticides at higher dosages 
(Georghiou 1986). Agriculturalists and public health 
officials struggled with the added costs associated with 
these options (WHO 1980). For example, the cost 
incurred by the malaria eradication campaign in the 
United States during the early 1950's was 5.3-fold 
higher when malathion was substituted for DDT, and 15 to
1
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20-fold higher when DDT was replaced by deltamethrin in 
later years in countries, where malaria impacts the 
public health on a daily basis (Georghiou 1986).
Industry is negatively impacted also because of 
resistance. The cost of developing a new agricultural 
chemical in 195G was $1.2 million. 3y 1981, the cost 
had risen to $20 million (Georghiou 1986), and current 
estimates place the figure near $50 million. This 
financial burden contributed to the decline in the 
number of new compounds placed on the market (Glass 
1986).
The number of new compounds being evaluated by WHO 
against mosquitoes and other vectors of disease 
pathogens has progressively decreased since 1962, when 
the largest number of chemicals was evaluated. During 
the 1980's, WHO evaluated only three new adulticides for 
their efficacies on mosquitoes (WHO 1980).
There are currently only two classes of adulticides 
(organophosphates and pyrethroids) used to control 
mosquitoes in the United States, and resistance has 
already been recorded for both classes of insecticides 
(Georghiou and Mellon 1983). As of 1986, 51 mosquito 
species were resistant to DDT, 10 to organophosphates, 
and 4 to carbamates (Georghiou 1986). Resistance to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
pyrethroids has also been recorded (WHO 1980).
According to Brown (1999) the problem of resistance may 
soon be exacerbated if the U.S. Environmental Protection 
Agency (EPA) eliminates some of the mosquito pesticides 
currently under review.
Pesticides resistance tc organophosphates and 
pyrethroids also threatens all MADs in Louisiana in 
their ability to accomplish their mission of providing 
effective, economical and responsible mosquito abatement 
activities to their constituency. However, reduced 
control has prompted MAD directors to alternate between 
the two classes of compounds.
In Louisiana, routine adulticiding of mosquitoes 
began in 1964 with the formation of the first two 
parish-wide, organized mosquito abatement districts 
(Plaquemines and Orleans parishes). As other MADs 
became established in Louisiana, their adulticiding 
operations may have contributed to the current 
insecticide resistance in Louisiana's adult mosquitoes. 
However, insufficient records of these applications in 
the early years of organized mosquito abatement coupled 
with the lack of scientific documentation of population 
mortalities prevent a reliable assessment of how 
pesticide resistance developed in the intervening years.
3
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In recent years, however, a field trial in Lake Charles 
(Calcasieu parish), LA, strongly indicated a control 
failure with malathion (Meek and Meisch 1997).
WHO (1980) recommended that vector control 
operations determine the level of insecticide 
susceptibility in their vector populations. The 
surveillance and early detection of resistance are 
integral components of a resistance management program.
Many techniques have been developed to assay 
insecticide resistance in mosquito adults in the 
laboratory, but there is no single standardized method. 
The lack of a standardized method inhibits a credible 
comparison of adult mortality data (i.e., resistance 
development) among researchers and MADs. The ability to 
monitor pesticide tolerance/resistance development among 
selected mosquitoes in field or laboratory tests 
conducted in numerous parishes would be vital in light 
of past and recent concerns over the potential for an 
epidemic of a mosquito-borne disease pathogen.
The broad spectrum of resistance in mosquitoes is 
especially troubling in light of recent concerns over 
eastern equine encephalitis (EEE) in Louisiana.
Infected mosquitoes are capable of transmitting the 
virus to horses and humans (Veazey et al. 1994).
4
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Primary vectors of the virus in 1999 included Aedes 
albopictus (Skuse), Culex salinarius (Coquillett), Cx. 
nigripalpus Theobald, and Anopheles quadrimaculatus Say; 
however, Culiseta melanura (Coquillett), Coquilletidia 
perturbans (Walker), Cx. quinquefasciatus Say, and Ae. 
vexans (Meigen) can also vector this virus (Ross and 
Kaneene 1996). All of the aforementioned species are 
present in Louisiana.
Louisiana has a long history of vector-borne 
diseases, especially the encephalitides. In 1991, two 
emu farms in Louisiana, less than 50 miles apart, 
experienced mortality due to EEE (Veazey et al. 1994, 
Tully et al. 1992). In 1999 alone, ca. 200 emus and 90 
horses died in Louisiana due to EEE, and two humans 
became infected but later recovered (Mojgani 1999). By 
the end of the year, 28 parishes reported cases of EEE.
Not until the initiation of this research has there 
been a coordinated, statewide assessment of pesticide 
resistance or standard testing of mosquito populations 
among the 16 MADs in Louisiana. The development and 
implementation of a standardize, resistance monitoring 
program that is economical, operationally manageable, 
and compatible to their mission would be an important 
function for MADs to assume in their operational
5
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activities. More importantly, MADs could use this 
monitoring program to share resistance data among other 
MADs to promote a more coordinated, wide are abatement 
force within the region. A pesticide resistance program 
is especially important in areas of Louisiana where 
agrichemical influences can change insecticide 
susceptibility in mosquito populations taking refuge in 
the croplands without ever being exposed directly to a 
mosquito adulticide (Welch and Olson 1986) .
Resistance management requires a multi-faceted 
approach that should not only include the chemical 
adulticides but also biorational larvicides. An 
investigation of the most efficacious larvicides and 
their residual activities when applied to ratoon rice 
using both ground and aerial application methods has not 
been thoroughly investigated in Louisiana. All of these 
factors need to be addressed to maximize early 
resistance detection in Louisiana mosquito populations.
The research described herein is the first 
component of a continuous monitoring program to 
initially determine the efficacies of selected 
pesticides and subsequently document current pesticide 
resistance in Louisiana. Adulticides will be the focus 
of this research by means of laboratory evaluations
6
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(i.e., topical bioassay and bottle bioassay techniques) 
and field testing (i.e., ground and aerial ULV 
applications). Biorational larvicides will be evaluated 
to a lesser extent in small rice field plots by aerial 
applications and backpack sprayers.
Among the mosquitoes evaluated m  this study’, Cx. 
quinquefasciatus will serve as the focal species. It is 
a common and pestiferous species to humans, companion 
animals, and birds. It also serves as a vector of 
several arthropod-borne viruses (encephalitides). Its 
typical larval habitats include artificial containers 
(e.g., discarded tires) and open septic ditches commonly 
associated with impoverished, rural and urban 
communities (Craven et al. 1988, Hoick et al. 1988).
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BVALUATUXON OF SSUtCTSD MALATHION FORMULATIONS AGAINST 
CULEX QUZSQOKTASCIATUS AMD AKIMS SOLLZCZTANS ADULTS 
(DXPTBRA: CULXCXDAI) ZM LOUZSZAMA
Introduction 
Control programs throughout the world have used 
organophosphates, pyrethroid, and carbamates in their 
effort to control mosquitoes (Pasteur and Raymond 1996). 
The widespread use of organophosphates, like malathion, 
against public health-related insects began in the 
1960's and continued well into the 1970's in Louisiana, 
with the initial establishment of organized mosquito 
abatement districts (MAD), in the New Orleans 
metropolitan area (Meisch 1993). The initiation of MADs 
continued throughout the southern third of the state 
(Meek 1993). Reductions in efficacy of malathion have 
forced many control districts to switch classes of 
insecticides. The widespread availability of 
pyrethroids as mosquito adulticides has, in part over 
the last 10-15 years, replaced malathion as the premier 
pesticide used among MADs in Louisiana. Today, malathion 
and selected pyrethroids are the adulticides of choice 
utilized by MADs in the state.
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Many arthropods, including mosquitoes, have 
experienced some level of resistance to insecticides 
including insect growth regulators (Plapp 1986, Brogdon 
and McAllister 1998a,b). According to Georghiou (1986), 
38% of resistant species are vectors of disease and of 
those, 35% are in the Order Diptera. Since 1992, 56 
anopheline and 39 culicine mosquitoes have shown signs 
of resistance (WHO 1992), and many show signs of cross­
resistance and multiple resistance. The full effect of 
pesticide resistance in Louisiana mosquitoes has not 
been fully assessed. Despite widespread resistance to 
malathion, organophosphates continue to play an 
important role in mosquito pest management of 
mosquitoes; therefore, continuous studies are necessary 
to evaluate their efficacy.
The development and enhancement of insecticide 
resistance are constant risks that pesticide industry 
and MADs share in their respective efforts to sustain 
the efficacy of any insecticide, including malathion 
(Meek and Meisch 1997, Brogdon and McAllister 1998a,b). 
To combat these risks, the pesticide manufacturers 
continually seek new formulations of currently marketed 
pesticides, or they seek to develop new insecticide 
products.
11
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In the field tests described herein, the pesticide 
industry supported efforts to evaluate the efficacy of a 
modified formulation of malathion and to compare it to 
the standard commercial formulation when applied against 
caged adult mosquitoes by ground ultra-low volume (ULV)
3 p r a y 3 •
Materials and Methods 
Freshly emerged adult Ae. sollicitans (Walker) were 
collected one day prior to the initiation of the field 
trial from the Paul J. Rainey Refuge, located along the 
south central coast of Louisiana (Vermilion Parish). 
Adult mosquitoes were collected using battery-powered, 
hand-held aspirators and a battery-powered, backpack 
aspirator developed by the U.S. Department of 
Agriculture Center for Medical, Agricultural, and 
Veterinary Entomology in Gainesville, Florida (Meyer et 
al. 1983). Adults were transported to the Calcasieu 
Parish Mosquito Abatement District (CPMAD) in 30 cm3 
screened cages, provided a 10% sucrose solution, and 
held for 24 h prior to the field tests.
Two strains of Cx. quinquefasciatus Say were also 
evaluated in the field trials. One strain was collected 
from septic ditches in southwest Louisiana in Lake 
Charles (Calcasieu Parish), and the other strain was
12
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from southeast Louisiana near Denham Springs (Livingston 
Parish). Late instars of both strains were collected 3- 
5 days before the study to ensure a uniform age of the 
adults. Freshly emerged adults from Lake Charles were 
held in the CPMAD's rearing room, while Denham Springs' 
adults were maintained at the Louisiana State 
University's Mosquito Research Laboratory in Baton 
Rouge. Larvae were maintained in water from their 
original habitat, and subsequent emerging adults were 
provided a 10% sucrose solution. On the day of the test, 
the Denham Springs' adults were transported to CPMAD and 
placed in the same laboratory facility as the Lake 
Charles strain.
Hand-held aspirators were used to remove a limited 
number of adult mosquitoes from the large laboratory 
cages. Captured adult mosquitoes were lightly 
anesthetized with carbon dioxide and transferred to 
individual 16-mesh, cylindrical, screened cages (10.2 x
25.4 cm or 4 x 10 in) (Sandoski et al. 1983) used in the 
field tests. The caged adult mosquitoes were maintained 
at 22 ° C and at 40% RH in the CPMAD laboratory prior to 
exposure to applications of adulticides.
A grass-covered air strip (460 m) located adjacent 
to the CPMAD was utilized for the test. Two plots were
13
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established along the airstrip with at least 200 m 
separating the plots. Each plot consisted of nine 1.5 m 
stakes arranged in a 3 x 3 pattern. Rows were situated 
perpendicular and downwind to the spray route and 
separated from one another by 30.5 m. Stakes within 
each row were set at 30.5, 61.0, and 91.5 m downwind 
from the spray route. Three cages (one for each strain) 
were placed on each stake so that the cages could be 
exposed to the insecticide treatment.
Wind speed and direction were recorded to ensure 
maximum distribution of the applied pesticide.
Malathion applications were not initiated until a 
temperature inversion occurred in the field plots.
Prior to the malathion applications, nine cages of 
each mosquito strain (total of 27 cages or the 
equivalent of one plot) were placed in a staked plot for 
10 minutes, removed, and transported to the laboratory 
to serve as untreated controls. These adults were 
anesthetized again with carbon dioxide and transferred 
to clean 237 ml paper cages with screened lids. A 
cotton ball moistened with a 10% sucrose solution was 
placed on each screened lid for adult sustenance. 
Mortality of the untreated controls was checked at 1,
12, and 24 h.
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Upon removal of the untreated control adults, 3 
screened cages, each containing the Denham Springs 
strain, the Lake Charles strain, or the Ae. sollicitans 
(e.g., 3 cages per stake), were attached to the top of 
each of the nine stakes within the 2 plots for a total 
of 27 cages per plot.
Two trucks, each mounted with a LECO 1600® ULV cold 
fog generators equipped with a 8663 spray head and 
nozzle were used to apply either Fyfanon® (96.8% 
malathion; Cheminova, Lemvig, Denmark) or Pyrocide® (90% 
malathion + 1% natural pyrethrum; Cheminova, Lemvig, 
Denmark) insecticides to the test plots. All 
applications were made at a ground speed of 16.1 kph, 
and calibrated to deliver a 15// mass median diameter 
(mmd) droplet. The ULV sprayers were calibrated to 
deliver a pesticide flow rate of 120 ml/min. Three 
applications of each formulation were made to the field 
plots on an alternating spray schedule in order to 
alternate chemicals among the plots.
Ten minutes after treatment, the cages with 
mosquitoes were collected and transported to the CPMAD. 
The mosquitoes were anesthetized and handled in the 
manner previously described for the untreated control
15
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cages. Mortalities for all 3-mosquito strains were 
recorded at 1, 12, and 24 h posttreatment. Mosquitoes 
were classified dead if they did not move or if they 
could not stand upright when probed. Mean mortalities 
were transformed for subsequent analysis of variance 
using GLM (SAS Institute 1985) and mean separation was 
determined using Tukey's (SAS Institute 1985).
Results and Discussion
Mean mortality in the control was <5%; therefore, 
no correction for control mortality occurred. Overall, 
significantly greater mortalities (p<0.05) were observed 
for Ae. sollicitans and the Denham Springs strain of Cx. 
quinquefasciatus with both formulations than in the Lake 
Charles Cx. quinquefasciatus regardless of downwind 
distance and posttreatment time. The low mortality 
(9.4%) in the Lake Charles strain when treated with 
Fyfanon®, was not significantly different (p>0.05) from 
the control mortality (1.7%), but significantly greater 
mortality (p<0.05) was seen in those treated with 
Pyrocide (39.8%) . This may indicate an increase in 
tolerance to malathion in the Lake Charles strain.
The mean percent mortalities of caged Ae. 
sollicitans and Cx. quinquefasciatus adults that 
occurred over time after exposure to ground ULV
16
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applications of Fyfanon and Pyrocide are provided in 
Table 1.1. Mortality in Ae. sollicitans was 
significantly greater at 12 and 24 h posttreatment when 
exposed to Fyfanon®, 94.4 and 95.1% respectively 
(F=39.0; df=2 p<0.05) than at 1 h posttreatment. Aedes 
sollicitans mortality also was significantly greater at 
12 and 24 h posttreatment after exposure to Pyrocide® 
7434 (99.3 for both times) (F=12.34; df-2; p<0.01) than 
at 1 h posttreatment. Mortality in the Denham Springs 
Cx. quinquefasciatus after 1 h of exposure to Fyfanon 
(13.5%) was significantly lower than at 12 and 24 h,
43.1 and 48.5% respectively (F=11.23; df=2; p<0.05).
This rate indicates that greater mortality occurs in Ae. 
sollicitans and Denham Springs' Culex after 24 h of 
exposure to Fyfanon than after 1 h. The Denham Springs 
Culex exposed to Pyrocide showed no significant 
difference in mortality (F=2.03; df=2; p>0.05) among the 
3 posttreatment times. Mortalities after 1 and 12 h in 
the Lake Charles Culex showed no significant difference 
between the 2 post-treatment evaluations (F=4.32; df=2; 
p<0.05); but, 1 and 12 h mortality readings were 
significantly different from the 24 h. No significant 
differences in mortality were seen among the Lake 
Charles Culex exposed to Pyrocide during the three
17
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Table 1.1. Mean percent mortalities of caged Aedes sollicitans and Culex 
quinquefasciatus adults over time after exposure to ground ULV applications of two 
malathion formulations
Post- Mean Percent Mortality a,b,c
Treatment
Time Aedes sollicitans Culex quinquefasciatus
Vermilion strain Denham Springs strain Lake Charles strain
(h) Fy Py C Fy Py C Fy Py C
1 59.1^ 84. 5s*2 l.O^3 13. 5aB1 54 .3aB2 0. 9**1 2. 9aB1 45. 8aB2 1. 3aA1
12 94 . 4bA1 99.3^ 4.3aA3 43. lbB1 66. 2aB2 2. 3dA3 11 . 4ab':1 35. 7aC2 1. 7aA1
24 95. I**1 99. 3bA2 4.6^ 4 8. 5bB1 69. 7aB2 2. 6aA3 14 . I*501 37. 9aC2 1
a Formulations have been abbreviated such that Fy=Fyfanon®, Py=Pyrocide® 74 34, and 
C=Control.
b Mean separation conducted on mortality data, with untreated mortality provided only 
for comparison.
c Means with the same index in a column (a-b) or within a cell (A-C) or in a row (1-3) 
are not statistically different (p>0.05). N = 27 cages per insecticide and strain.
posttreatment readings (46, 36, and 38% mortality at 1, 
12, and 24 h respectively). This indicates that mean 
mortality is constant over time in both the Lake Charles 
and Denham Springs strains exposed to Pyrocide, but the 
Denham Springs strain is more susceptible to this 
formulation as indicated by their significantly higher 
mortality (54, 66, and 70%).
With the exception of the interaction between 
Pyrocide® 7434 and time in the Lake Charles strain 
(F=0.73; p>0.1), mean mortality increased with time 
(i.e., Denham Springs had 54, 66, and 70% respectively. 
Knockdown in the Lake Charles strain was greatest at 1 h 
posttreatment (46%) with Pyrocide® 7434. Recovery was 
seen at 12 and 24 h posttreatment. A comparison among 
the three strains at 24 h (indicated by capital A-C in 
Table 1.1) indicates significant differences in 
mortality (p<0.05) among Ae. sollicitans, Denham 
Springs, and Lake Charles strains treated with Fyfanon 
(95, 49, and 14% respectively) and Pyrocide (99,70, and 
38% respectively). Aedes sollicitans was the most 
susceptible to treatment, with >90% mortality with both 
formulations. Denham Springs strain was a distant 
second with 49-70% control. In addition, significantly 
more Ae. sollicitans were killed with Pyrocide than with
19
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Fyfanon at all readings (1,12, and 24 h as indicated by 
the numerals 1 and 2 in Table 1.1); whereas, no 
significant difference was seen between Fyfanon and the 
control at 1 hour in the Denham Springs strain and 
during all readings for the Lake Charles strain. In 
both the Lake Charles and Denham Springs strains, 
greater mortality was achieved with Pyrocide than with 
Fyfanon.
The mean percent mortalities of caged Ae. 
sollicitans and Cx. quinquefasciatus adults that 
occurred following exposure to ground ULV applications 
of two malathion formulations are given in Table 1.2. 
Data for Ae. sollicitans demonstrate significant 
interaction among distances for the Fyfanon® formulation 
only (F=3.04; df=2; p=0.05). Significantly less 
mortality was observed at 91.5 m than 30.5 m. 
Significantly greater mortality was observed with both 
formulations for the Denham Springs strain at 30.5 m 
(53% mortality, F=7.62; p<0.01 for Fyfanon®; and 80% 
mortality, F=6.49; p<0.01 for Pyrocide® 7434) and the 
Lake Charles strain (17% mortality, F=6.07; p<0.01 
in Fyfanon®; and 58% mortality, F=6.30; p<0.01 in 
Pyrocide® 7434) . With the two Cx. quinquefasciatus
20
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Table 1.2. Mean percent mortalities of caged Aedes sollicitans and Culex 
quinquefasciatus adults over downwind distances after exposure to ground ULV 
application of two malathion formulations.
Mean Percent Mortality a,b,c
Treatment ------------------------------------------------------------------
Distance Aedes sollicitans Culex quinquefasciatus
Vermilion strain Denham Springs strain Lake Charles strain
(m) Fy Py C Fy Py C Fy Py C
30.5 88. 3 ^ 95. 9“^ 4. 2aA2 52. 8aB1 7 9. 9aE2 4. 0aA3 17. 3sC1 57. 8aC2 O.O^1
61 83. 2abA1 94.1^ 4 . 7aA2 25. lbB2 54 . 6bB1 0. 8bA2 6. 5lcl 31. 6 ^ 1. 3aA1
91.5 76.8^ 93. 0aA2 O ^ 3 27 . 0bB2 55. 5bB1 0. 9bA2 4 . 5l cl 30. 0bc2 3. 6aA1
a Formulations have been abbreviated such that Fy=Fyfanon®, Py=Pyrocide® 7434, and 
C=Control.
b Mean separation conducted on mortality data, with untreated mortality provided only 
for comparison.
° Means with the same index in a column (a-b) or within a cell (A-C) or in a row (1-3) 
are not statistically different (p>0.05). N = 27 cages per insecticide and strain.
strains, the interaction between formulation and 
distance was significantly greater at 30.5 m (100 ft) 
than the other distances. The interaction between 
Pyrocide® 7434 and distance had no significant effect on 
Ae. sollicitans mean percent mortality. Because 
significantly greater mortality was recorded in those 
mosquitoes placed at 30.5 m than in those at 91.5 m, 
comparisons between the 3 strains (indicated by 
superscript letters A-C in Table 1.2) as well as 
comparisons of adulticides (indicated by superscript 
numerals 1-3 in Table 1.2) will be made at 30.5 m.
Ae. sollicitans, Denham Springs, and Lake Charles 
strains show statistically different mortalities when 
treated with Fyfanon (88, 53, and 17% respectively) and 
Pyrocide (96, 80, and 58% respectively). Among the two 
adulticides, both produced high mortalities in Ae. 
sollicitans with no significant difference being 
observed. The Denham Springs strain showed 
significantly greater mortality using Pyrocide (80%) 
than Fyfanon (53%) . Likewise the Lake Charles strain 
also showed greater mortality in mosquitoes treated with 
Pyrocide (58%) than those treated with Fyfanon 
(18%)(F=20,46; df=2; p<0.0001); however, there was no 
significant difference between Fyfanon and the control.
22
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Overall, data in Table 1.2 indicate more effective 
control of adults (55-80% in Denham Springs and 30-58% 
in Lake Charles) when exposed to Pyrocide® 7434 as 
compared with Fyfanon® (27-53% in Denham Springs and 5- 
17% in Lake Charles) regardless of the Cx. 
quinquefasciatus strain.
Little difference was observed in the overall 
mortality of Ae. sollicitans with both formulations. 
Significant differences in mortality at the various 
distances in the Cx. quinquefasciatus strains treated 
with Pyrocide 7434 would normally indicate that the 
insecticide was not reaching the stakes positioned 
furthest from the application site (91.5 m). However, 
no significant differences were seen in the Ae. 
sollicitans (F=0.37; p>0.1) placed on the same stakes 
which indicates that the Pyrocide drifted the full
91.5 m.
With Aedes, neither formulation exhibited a 
significant difference in mortality between 30.5 and 
61.0 m. Significant differences in mortality were seen 
in all populations at 91.5 m treated with Fyfanon 
compared to 30.5 m distance. These data suggest that 
Fyfanon may not have reached these cages. These results
23
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indicate that both Cx. quinquefasciatus strains were 
more tolerant to both formulations than the Ae. 
sollicitans population.
Results from the interaction between posttreatment 
time and formulation indicate that Ae. sollicitans were 
highly susceptible to both formulations of malathion and 
that little change in mortality was noted after 12 h.
The Denham Springs Cx. quinquefasciatus showed greater 
susceptibility to Pyrocide than Fyfanon regardless of 
time. When treating this strain with Pyrocide, MADs can 
expect immediate but moderate reduction in mosquito 
populations after the first hour. In contrast, Culex 
mortality increased with time when the strain was 
exposed to Fyfanon. Similar results were seen in the 
Lake Charles Cx. quinquefasciatus exposed to Fyfanon.
The Lake Charles strain was the least susceptible to the 
malathion formulations, showing less than 15% mortality 
in mosquitoes exposed to Fyfanon and less than 46% 
mortality in Pyrocide treated individuals.
Interactions between downwind distance and 
formulation indicate significant differences for all 
populations. No difference in mortality is seen in the 
Ae. sollicitans exposed to both formulations except at
91.5 m in those mosquitoes treated with Pyrocide. When
24
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comparing strains, Ae. sollicitans is most susceptible 
to both formulations and Lake Charles is the least; but 
when comparing only the Cx. quinquefasciatus strains, 
Pyrocide produced greater mortality than the Fyfanon 
formulation. Overall, Pyrocide produces greater 
mortality in the adult mosquito populations than Fyfanon 
regardless of distance or time of exposure. The low 
mortality rates in the Lake Charles strain indicate a 
high level of tolerance present in the population. The 
Denham Springs strain, although not as tolerant as the 
Lake Charles strain, is exhibiting a reduction in 
susceptibility.
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CHAPTER 2
RESPONSES or FIELD-COLLECTED STRAINS OF ADULT MOSQUZTOKS 
TO SRLICTID INSICTICIDS8 U8ZNO A TOPICAL BI0A8SAT
Introduction
The need to reduce mosquito populations to control 
mosquito-borne pathogens in Louisiana has occurred twice 
in the last two years. The first disease outbreak 
occurred in 1998 when 19 cases of St. Louis encephalitis 
(SLE) in humans were reported in the state. MADs 
focused on adulticiding although some larviciding 
operations were conducted. In 1999, adulticiding 
efforts increased during a severe outbreak of eastern 
equine encephalitis (EEE). This deadly epizootic 
included one emu case (ca. 200-300 animals), one sheep, 
and 90 horses. Two human cases were diagnosed with EEE 
(Figure 2.1) but they recovered. During these campaigns, 
aerial applications of naled were used to control adult 
mosquito populations. Ground ultra-low volume (ULV) 
applications of malathion, resmethrin, and permethrin 
were used also against adult mosquitoes inhabiting much 
of the southern region of the state. Emergencies such 
as these will require the effective application of 
adulticides against target mosquitoes.
27
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The results of field insecticide screening trials 
of Cx. quinquefasciatus populations in portions of 
Louisiana (Meek and Meisch 1997) and laboratory trials 
of New Jersey's Cx. salinarius susceptible colony 
(Sukontason et al. 1998) indicate that populations are 
more tolerant to malathion than had been previously 
observed. With the development of malathion resistance 
in adult mosquito populations in Lake Charles,
Louisiana, control with malathion at the recommended 
rates has not been adequate. Elsewhere in Louisiana, 
sufficient control continues to be achieved using this 
product. MADs in Louisiana and elsewhere in the United 
States prefer using malathion because it is cost 
effective and is stable in sunlight.
The development of insecticide resistance in adult 
mosquito populations of public health importance is a 
major concern to those involved in the control of 
mosquito-borne disease pathogens because adulticides 
often prove to be the only means to effectively control 
populations when outbreaks occur (Hammock and Soderlund 
1986) . For this reason, it is imperative that the 
chemical adulticides in use remain effective (Sukontason 
et al. 1998, Georghiou and Taylor 1986). It is 
therefore necessary to determine the level of
29
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insecticide susceptibility for each species of mosquito 
capable of vectoring disease and for this susceptibility 
to be continuously monitored so that changes in 
tolerance are detected and appropriate measures made to 
counteract these changes.
No in-depth state-wide evaluation has been 
conducted on the susceptibility of adult mosquitoes in 
Louisiana to various adulticides currently being 
employed by MADs. A number of bioassay systems have 
been developed for the purpose of assessing the relative 
susceptibility of arthropod populations against various 
adulticides (Case 1982, ffrench-Constant and Roush 1990, 
and Brogdon and McAllister 1998a,b). ffrench-Constant 
and Roush (1990) proposed that insecticides commonly 
used in the field may not be the most appropriate to use 
for susceptibility testing. Insecticides within the 
same class can provide dose-mortality lines with 
distinct differences between genotypes, whereas others 
may show an overlap between the susceptible and 
resistant strains. These researchers suggest using other 
insecticides in the same class to identify any increases 
in tolerance.
The objective of this study was to establish by 
topical bioassay baseline, dose-mortality data for four
30
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insecticides against geographically separate strains of 
adult mosquitoes. These data will provide a historical 
database of susceptibility of chemical agents against 
populations for monitoring for potential insecticide 
resistance. This foundation of information will provide 
MADs with the pertinent information for resistance 
management strategies that will prolong the use of the 
limited chemicals currently available. For example,
Boike and Rathburn (1969) noted that resistant Ae. 
taeniorhynchus populations showed an increase in 
susceptibility after organophosphate insecticidal 
pressures had been reduced. This information is 
valuable to the control efforts of the mosquito and is 
essential in preserving organophosphate efficacy.
Materials and Methods 
Insects. Culex quinquefasciatus larvae were collected 
from septic ditches during 1996, 1997, and 1998 at 
various locations throughout Louisiana (Table 2.1).
Sites in Lincoln, Livingston, St. Martin, and E. 
Feliciana Parishes were considered areas of low 
insecticide usage (no MADs). Calcasieu,Vermilion, 
Cameron, St. Tammany, East Baton Rouge, Jefferson Davis, 
St. Bernard, Orleans, Ouachita, and Ascension Parish
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Table 2.1 
(strain),
Description of Louisiana 
species, collection year,
i adult mosquito strains by identification code 
parish, and collection location a.
Strain Species Year Parish Location
Cal96 Ps. columbiae 1996 Calcas ieu Lake Charles
Cal96 Ae. sollicitans 1996 Calcasieu Lake Charles
Cal96 Cx. quinquefasciatus 1996 Calcasieu Lake Charles
EBR96 Cx. quinquefasciatus 1996 East Baton Rouge Baton Rouge
Jeff96 Cx. quinquefasciatus 1996 Jeff Davis Roanoke
Oua96 Cx. quinquefasciatus 1996 Ouachita Monroe
Orl96 Cx. quinquefasciatus 1996 Orleans Mew Orleans
Orl96 Ae. albopictus 1996 Orleans New Orleans
StT96 Cx. quinquefasciatus 1996 St. Tammany Slidell
Ver96 Cx. quinquefasciatus 1996 Vermilion Abbeville
Ver96 Ae. albopictus 1996 Vermilion Abbeville
Asc97 Cx. quinquefasciatus 1997 Ascension Gonzales
(Table continued)
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(Table 2.1 continued)
Strain Species Year
Asc97 Ae. albopictus 1997
Cad97 Cx. quinquefasciatus 1997
Cad97 Ps. columbiae 1997
Cal97 Cx. quinquefasciatus 1997
Cal97 Ae. sollicitans 1997
EBR97 Ps. columbiae 1997
EBR97 Ae. albopictus 1997
EBR97 Cx. quinquefasciatus 1997
EBR97 Ae. vexans 1997
Jeff97 Cx. quinquefasciatus 1997
Lin97 Ae. albopictus 1997
Lin97 Cx. quinquefasciatus 1997
Parish Location
Ascension Gonzales
Caddo Shreveport
Caddo Shreveport
Calcasieu Lake Charles
Calcasieu Lake Charles
East Baton Rouge Baton Rouge
East Baton Rouge Baton Rouge
East Baton Rouge Baton Rouge
East Baton Rouge Baton Rouge
Jeff Davis F'.oanoke
Lincoln P.uston
Lincoln F.uston
(Table continued)
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(Table 2.1 continued)
Strain Species
Liv97 Cx.
Oua97 Ae.
Oua97 Cx.
Oua97 Ps.
StB97 Cx. ■
StM97 Ae. i
StM97 Cx. ■
StTM97 Cx. i
StTM97 Ae. '
StTS97 Cx. i
StTS97 Ae. '
Sus97 Cx. <
Year Parish Location
1997 Livingston
1997 Ouachita
1997 Ouachita
1997 Ouachita
1997 St. Bernard
1997 St. Martin
1997 St. Martin
1997 St. Tammany
1997 St. Tammany
1997 St. Tammany
1997 St. Tammany
1997 Susceptible
Denham Springs
Monroe
Monroe
Monroe
Chalmette
Breaux Bridge
Breaux Bridge
Mandeville
Mandeville
Slidell
Slidell
John Mulrhennan Lab
(Table continued)
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(Table 2.1 continued)
Strain Species Year Parish Location
Sus97 Ae. albopictus 1997 Susceptible USDA, Panama City, F]
Ver97 Cx. quinquefasciatus 1997 Vermilion Gueydan
Ver97 Cx. quinquefasciatus 1997 Vermilion Kaplan
Ver97 Ae. albopictus 1997 Vermilion Abbeville
Cal98 Cx. quinquefasciatus 1998 Calcasieu Lake Charles
Cal98 Ae. taeniorhynchus 1998 Calcasieu Lake Charles
EBR98 Cx. quinquefasciatus 1998 East Baton Rouge Baton Rouge
EBR98 Ps. columbiae 1998 East Baton Rouge Baton Rouge
Efe98 Cx. quinquefasciatus 1998 East Feliciana
Jeff98 Cx. quinquefasciatus 1998 Jeff Davis Roanoke
Lin98 Cx. quinquefasciatus 1998 Lincoln Huston
Liv98 Cx. quinquefasciatus 1998 Livingston Denham Springs
(Table continued)
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(Table 2.1 continued)
Strain Species Year Parish Location
Oua98 Cx. quinquefasciatus 1998 Ouachita Monroe
StB98 Cx. quinquefasciatus 1998 St. Bernard Chalmette
StM98 Ae. albopictus 1998 St. Martin Breaux Bridge
StM98 Cx. quinquefasciatus 1998 St. Martin Breaux Bridge
StTM98 Cx. quinquefasciatus 1998 St. Tammany Mandeville
StTS98 Cx. quinquefasciatus 1998 St. Tammany Slidell
Sus98 Ae. aegypti 1998 Susceptible USDA, Panama City, FI
Ver98 Cx. quinquefasciatus 1998 Vermilion Gueydan, Kaplan
Ver98 Ps. columbiae 1998 Vermilion Abbeville
a Adult mosquitoes were assayed using topical applications of 0.5 fi 1 aliquots of 
insecticides.
were areas of high insecticide usage (MAD operational 
year-round) and were chosen as primary collection sites.
Likewise, Ps. columbiae and Aedes albopictus were 
also collected as larvae from various locations in 
Louisiana (Table 2.1); however, Ps. columbiae were 
collected floin rice fields and Ae. albopictus from 
artificial containers. On occasion, Ae. albopictus were 
collected as adults and blood-fed so that egg deposition 
could take place. Anopheles quadrimaculatus were 
collected as adults because larvae were difficult to 
obtain. This species was collected from barns at 
various locations throughout the state and fed blood in 
the laboratory to assist in egg production. Aedes 
taeniorhynchus and Ae. sollicitans were collected 
initially as larvae from flooded salt marshes; however, 
larvae were difficult to maintain in the laboratory 
because they required a degree of salinity that was 
difficult to simulate. Water collected at the sites 
would stagnate before larvae emerged thereby killing all 
larvae. To remedy this situation, freshly emerged 
adults were collected using a backpack aspirator (Meyer 
et al. 1983). Larvae were transported to the laboratory 
in resealable, plastic storage bags containing water 
collected from the site, placed in 542 cm2 enamel pans
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containing clean deionized water and finely ground 
Tetramin® fish food, and allowed to pupate. Pupae were 
removed from the enamel pans and placed in a 16 oz. 
plastic cup filled with deionized water and placed in 30 
cm3 screened cages.
Aduits collected from the field were transported in 
quart size paper cans to the laboratory, and placed in 
30 cm3 screened cages. All adults were fed 10% sucrose 
solution absorbed in 15.24 cm cotton dental wicks. 
Temperature was maintained at 25.5 ± 3° C with 70-75% RH, 
and 12:12 (L:D) hour photoperiod. All bioassays were 
conducted on the Fi generation for those species where 
larvae or eggs were collected. Assays were conducted 
immediately on the freshly emerged Ae. sollicitans and 
Ae. taeniorhynchus because they do not survive long in 
captivity.
Varying numbers of adults were assayed for this 
test. Fluctuations in temperature and humidity in the 
Louisiana State University Medical Entomology Laboratory 
were not conducive conditions to obtain a consistent 
number of 3-5 day old adults.
Insecticide-susceptible strains of An. 
quadrimaculatus and Ae. albopictus were obtained from 
the Medical and Veterinary Entomology Research
38
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Laboratory, USDA-ARS, in Gainesville, Florida. 
Insecticide-susceptible strains of Cx. quinquefasciatus 
were obtained from the John A. Mulrhennan Research 
Laboratory in Panama City, Florida. Baseline mortality 
data from susceptible strains were established for 
comparative references.
Topical Assay. Three to five day-old adults were used 
in all dose response tests. Topical applications were 
made using a 25 fj\. hand driven micropipette applicator 
according to the general procedures of Meinke and Ware 
(1978) and Kerns et al. (1998). Insecticide dilutions 
were made by dissolving technical grade malathion 
(96.8%; Cheminova, Lemvig, Denmark), naled (93.7%; 
Valent, Walnut Creek, California), resmethrin (86.3%; 
AgrEvo, Montvale, New Jersey), permethrin (95.2%;
AgrEvo, Montvale, New Jersey) in acetone. Two to five 
replicates of 4-15 dilutions were used in this study 
depending on the population tested. Dilutions were 
calculated based on parts per million (ppm) and then 
converted into [iq/fil. Ten to twenty adults were used 
for each dose. Control adults were treated only with 
specific grade acetone. Adults were then transferred to 
237 ml size paper cans with the tops replaced with 
bridal veil material. Adults were fed 10% sucrose
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solution saturated on cotton balls and held at 25.5 ±
3 °C with 70-75% RH, and 12:12 (L:D) hour photoperiod. 
After 24 hrs, adults that could not right themselves 
when probed with forceps were considered dead. 
Statistical Analysis. Dose mortality curves for all 
bioassays were estimated using Probits analysis (SAS 
Institute 1985). Doses required to kill 50% (LD50) of 
the population were estimated using Probits regression, 
95% CL were used to separate differences among strains. 
If a susceptible strain was available, resistance ratios 
(RR) were calculated. Resistance ratios were calculated 
by dividing the LD50 of the field strain by the LD50 of 
the insecticide susceptible strain (Robertson and 
Preisler 1992). Resistance ratios 5-fold larger than the 
susceptible strains ratio was considered resistant. 
Parishes with populations approaching 5-fold ratios are 
cautioned of an increase in tolerance in their adult 
mosquitoes.
The resulting confidence limits were used to 
calculate significant differences between the reference 
strain and all others. Reference strains are field- 
collected mosquitoes that are representative of 
insecticide-susceptible strains. Reference strains were 
chosen on the basis of overlapping confidence limits
40
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with the susceptible strain. Additional criterions 
include non-significant chi square (X2) values, and when 
possible, naive populations were chosen.
Results and Discussion
Mosquito susceptibility data to various 
insecticides are presented in Tables 2.2 through 2.7. 
Mortality data for additional species can be found in 
Appendix 1.
Table 2.2 shows the dose-mortality data for Culex 
quinquefasciatus exposed to malathion. The reference 
strain chosen for Culex was from Livingston Parish 
(Liv98). Certain strains of Culex were susceptible to 
malathion with median lethal doses (LDso) values ranging 
from 2.34 [tq/fil to 19.58 fjq/pl. Among the susceptible 
strains, the laboratory strain was most susceptible, 
followed by the St. Martin field strain (StM98) (2.58
/ig//il) . StM98 was also a naive population collected 
from a septic ditch located far from exposure to 
agricultural insecticides. Ver97 (Vermilion Parish) is 
least susceptible to malathion. This is confirmed with 
a resistance ratio of 209, indicating that there is a 
209-fold susceptibility difference between the colony 
strain and Ver97.
41
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Table 2.2. Dose-mortality data for adult Culex quinquefasciatus mosquito strains from
ically applied malathion.
Strain* nb Slope + /- SE LDso (95% CL)c RRd X2 df
Asc97 92 2.00 + /- 0.64 105.11 (73.22-258.00)e 45 0.22 2
Cal96 340 2.47 + /- 0.72 135.62 (106.23-230.56)e 58 36.78 32
Cal97 280 1.60 + /- 1.59 114.53 49 9.22f 3
Cal98 409 3.03 + /- 0.39 147.17 (127.85-165.20)' 63 2.57 6
CalP98 690 2.14 + /- 0.22 46.83 (39.01-54.20)' 20 3.27 2
Con 9 8 280 2.11 +/- 0.42 11.51 (7.44-14.96) 5 1 .47 5
EBR97 215 4.13 +/- 0.70 80.47 (68.80-90.44)' 34 5.83 4
EBR98 431 1.60 +/- 0.53 8.72 (0.07-18.94) 4 35.06f 4
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(Table 2.2 continued)
Strain* nb Slope + /- SE LD50 (95% CL)c RRd X2 df
StTS98 360 1.21 + /- 0.83 4.33 2 6.25 2
Sus97 53 3.82 + /- 0.99 2.34 (1.55-3.30) 1 0.22 3
Ver97 323 3.53 + /- 0.82 417.05 (287.29-488.73) 209 36.65 5
VerD98 440 1.68 + /- 0.31 72.06 (38.30-110.08)e 31 12.6f 1
VerK98 482 0.69 + /- 0.74 26.01 11 10. 79f 3
* Strains are identified by field collection location in Louisiana. Asc97=Ascension;
Cal96, Cal97, Cal98=Calcasieu; CalP98=Calcasieu (Prien Lake); EBR97, EBR98=East Baton 
Rouge; EFe98=East Feliciana; Jeff97, Jeff98=Jeff Davis; Lin98=Lincoln; Liv97, 
Liv98=Livingston; Orl96=Orleans; Oua96, Oua97, Oua98=Ouachita; StB98=St.Bernard; StM97, 
StM98=St.Martin; StT96, StT97=St. Tammany; StTM97,StTM98=Mandeville; StTS97, 
StTS98=Slidell; StTSB97=Slidell (Blanco); StTSJ97=Slidell (James Crosby) 
Sus97=Susceptible; Ver97=Vermilion; VerD98=Vermilion (D.Guidry); VerK98=(Kaplan). 
b Total number of adults tested including controls. 
c Doses reported in jig malathion per adult.
d Resistance ratio relative to susceptible laboratory strain (LD50 field strain divided 
by LD50 laboratory strain).
e Significantly different from other strains based on non-overlapping 95% CL, using 
Liv98 as a reference strain. 
f Significant X‘ value at 0.05 level.
Resistance ratios were calculated to determine the 
presence of resistance in populations. Resistance was 
determined in most Culex strains exposed to malathion, 
using this technique. These results confirm 
observations seen in 1997 when reduced efficacy in 
control of Culex quinquefasciatus populations were 
observed in Lake Charles, Louisiana (Meek and Meisch 
1997). Populations exhibiting susceptibility include 
East Baton Rouge (EBR98) , East Feliciana (EFe98), Liv98, 
StM98, and Slidell in St. Tammany Parish (StTS98). Of 
these five strains, three were considered naive (EFe98, 
Liv98, and StM98). All other Culex strains had 
resistance ratios 5-fold greater than the susceptible 
colony. Significant chi-square values were found for 
Cal97, EBR98, Oua98, StTS97, and Ver98 strains 
indicating a poor fit of the data to the model 
(Robertson and Preisler 1992).
In Table 2.3, dose-mortality data for three 
populations of Aedes mosquitoes showed greater 
susceptibility to malathion than the susceptible Aedes 
albopictus strain (based on median lethal doses 
[Ouachita Parish (Oua97), StM98, and EBR97)]. StM98 Ae. 
albopictus is significantly more susceptible than the 
lab colony. This strain was collected from a site not
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Table 2.3. Dose-mortality data for adult Aedes mosquito strains from topically
applied malathion.
Species Strain* nb Slope +/- SE LDso (95% CL)c RRd X2 df
Ae. albopictus Orl96 60 3.41 + /- 6.57 0.02 0 3.77 4
Ae. albopictus Oua97 268 0.86 + /- .19 1. 62 (0.27-3.57) 0.4 4 . 62 6
Ae. albopictus StM98 93 2.21 + /- 0.63 0.81 (0.25-1.29)f 0.2 7.2 4
Ae. albopictus Sus98 182 1.00 + /- 0.20 4.92 (2.73-8.67) 1 5.17 6
Ae. sollicitans Cal96 580 1.25 + /- .95 19.09 (8.2-41.87) 361.72 27
Ae. sollicitans Cal97 67 2 . 87 + /- 1.19 19.27 (7.44-30.03) 2.21 4
Ae. taeniorhynchus Cal98 300 2.11 + /- 0.44 11.30 (1.07-33.41) 5.59 2
Ae. vexans EBR97 431 1.29 + /- 0.40 1.49 (0.25-4.20) 115.93e 11
* Strains are identified by field collection location in Louisiana. Or 19 6==Orleans;
Oua97=Ouachita; StM98=St. Martin; Sus98=USDA Susceptible; Cal96, Cal97, 
Cal98=Calcasieu; EBR97=East Baton Rouge. 
b Total number of adults tested including controls. 
c Doses reported in ug malathion per adult.
d Resistance ratio relative to susceptible laboratory strain (LD50 field strain divided 
by LD50 laboratory strain). 
e Significant X2 at 0.05 level.
f Significantly different from other strains based on non-overlapping 95% CL, using 
Oua97 as a reference strain.
known to receive public health pesticide exposure. 
Resistance ratios were calculated for the feral Ae. 
albopictus. Ratios indicated that the laboratory strain 
was not the most susceptible. According to Otto et al. 
(1992), resistance ratios are not an objective parameter 
because the selection of the susceptible reference 
strain is subjective. All remaining strains of Aedes 
show no significant difference from the susceptible 
colony strain.
Results from these assays indicate that on average 
Aedes spp. were more susceptible to malathion than Culex 
spp. (Table 2.2 and 2.3). Based on the mortality data 
for malathion, the least susceptible Aedes strain 
(Cal97; LD?,o=19.27) was 22-fold more susceptible to 
malathion than the least susceptible Culex (Ver97;
LD50=4 17 . 05) .
Table 2.4 presents dose-mortality data for Cx. 
quinquefasciatus using permethrin. For this 
insecticide, EFe97 was chosen as the reference strain. 
StT96 strain (St. Tammany Parish) showed the least 
susceptibility to permethrin with a median lethal dose 
of 40.86 Hq/pl being required, whereas greatest 
susceptibility was achieved in Calcasieu Parish (Cal97) 
with 1.93 fiq/fil. EFe97 was chosen as the reference
48
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Table 2.4. Dose-mortality data for adult Culex quinquefasciatus mosquito strains from 
topically applied permethrin.
Strain* nb Slope ± SE LD50 (95% CL)c RRd X2 df
Asc97 200 1.32 + /- 0.44 7.97 (0.79-41.38) 6 31.72f 6
Cal96 163 1.58 + /- 0.21 4.41 (2.47-7.42) 6 29.16 15
Cal97 481 0.89 + /- 0.14 1.93 (0.89-3.36) 1 14.37 8
Cal98 597 1.67 +/- 0. 13 2.98 (2.43-3.61) 4 5.56 4
EBR97 278 1.23 + /- 0.39 2.02 (0.02-4.59) 4 15.94f 5
EBR98 403 2.44 + /- 0.46 4.90 (2.29-7.18) 7 11.39* 1
EFe97 233 1.39 +/- 0.24 2.47 (1.58-3.42) 4 5.29 3
EFe98 451 1.88 + /- 0. 60 2.25 3 26.88* 5
Jeff96 481 1.88 +/- 0.24 3.78 (2.16-5.48) 6 72.3* 47
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(Table 2.4. continued.)
Strain3 nb Slope ± SE LD50 (95% CL)c RRd
o
X" df
Ver96 340 0.65 + /- 0.14 2 . 4 (0.00-14 .24) 3 117 .41 32
Ver97 321 2.08 +/- 0.42 1 . 95 (1.39-2.45) 3 2.06 4
Ver98 320 2.82 + /- 0.84 4.57 (0.01-11.03) 7 21.85f 4
Ver98 609 1.10 + /- 0.13 3.12 (2.25-4.06) 5 12.13 3
Ver98 209 3.09 + /- 0.64 4 . 51 (3.05-5.56) 7 0.17 2
uj 3 Strains are identified by field collection location in Louisiana. Asc97=Ascension; 
Cal96, Cal97, Cal98=Calcasieu, EBR97,EBR98=East Baton Rouge; EFe97, EFe98=East 
Feliciana; Jeff96, Jeff97, Jeff98=Jeff Davis, Lin97, Lin98=Lincoln; Li.v97, 
Liv98=Livingston; Orl96=Orleans; Oua97, Oua98=Ouachita; StB97, StB98=St. Bernard;
StM97, StM98=St. Martin; StT96, StT97=St.Tanunany; StTM98=Mandeville, StTS98=Slidell; 
Sus97=Susceptible; Ver96, Ver97, and Ver98=Vermilion. 
b Total number of adults tested including controls. 
c Doses reported in ug malathion per adult.
d Resistance ratio relative to susceptible laboratory strain (LD50 field strain divided 
by LD50 laboratory strain).
e Significantly different from other strains based on non-overlapping 95% CL, using 
EFe97 as a reference strain.
t 2Significant X value at 0.05 level.
strain because it lacks regular insecticide exposure. 
EFe98 was not chosen as the reference strain because a 
significant chi-square was found for this strain 
indicating a poor fit of the data to the model 
(Robertson and Preisler 1992). Additional strains 
showing 3 poor fit of the dcifci include Asc97 (Ascensio 
Parish), EBR97, EBR98, Jeff96 (Jefferson Davis Parish) 
StB97 (St. Bernard Parish), StM98, StTS98, and Ver98. 
Significantly greater mortality was recorded in the 
Jeff97, Lin97 (Lincoln Parish), Orl96 (Orleans Parish) 
StB98, StT96, StT97, and StM98 strains compared to the 
reference strain based on the lack of overlapping 
confidence limits. Greater than 50% of the Culex 
strains assayed are resistant to permethrin.
In 1980, WHO stated that resistance to synthetic 
pyrethroids had been selected for Cx. quinquefasciatus 
only in the laboratory. Preister and Georghiou (1980) 
also concluded that resistance to pyrethroids in this 
species could be obtained in the laboratory. The 
reference strain has a resistance ratio of four, which 
could pose a problem in the future. Susceptibility is 
being threatened by insecticide applications that are 
occurring around the septic ditch habitat.
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Table 2.5 illustrates dose-mortality data for Ae. 
albopictus adults using permethrin. Susceptibility of 
this species is based on using Lin97 as the reference 
strain. Only Ver96 is exhibiting a lack of 
susceptibility to permethrin (0.94 pg/pl), as 
demonstrated by the lack of overlapping confidence 
limits. Greatest susceptibility is seen in the lab 
colony (0.06 pg/pl) followed by the reference strain 
(0.14 pg/pl) . Lin97 had a 7-fold increase in 
susceptibility to permethrin than Ver96. Dose-mortality 
data for Aedes species, other than Ae. albopictus, are 
shown in Table 2.6. Aedes vexans strain StT97 appeared 
to be fairly homogeneous based on its steep slope, and 
it required the greatest dose of permethrin to control 
it. All Ae. vexans were as susceptible to permethrin as 
the susceptible Ae. aegypti.
Comparisons of Tables 2.4 and 2.5 show that 
susceptible Aedes albopictus were 2-fold more 
susceptible to permethrin than susceptible Culex. The 
most tolerant Ae. albopictus (Ver96; LDso=0.94) was more 
susceptible to permethrin than 97% of the Culex (LD50 
>0.94). The difference in mortality is significant in 
66% of these Culex.
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Table 2.5. Dose-mortality data for Aedes albopictus mosquito strains from 
topically applied permethrin________________________________________________
Strain4 bn Slope +/- SE LDso (95% CL)c RRd X2 df
EBR97 37 1.36 +/- 0.91 0.32 4 1.33 1
Lin97 98 1.43 +/- 0.52 0.14 (0.03-0.22) 2 3.23 2
StM97 160 2.12 +/- 0.36 0.26 (0.17-0.34) 3 4.01 5
StM98 46 1.59 +/- 0.80 0.07 1 0.09 4
Sus98 131 1.77 +/- 0.40 0.06 (0.02-0.09) 1 8.68 5
Sus97 227 1.50 +/- 0.28 0.09 (0.05-0.13) 1 8.99 5
Ver96 140 2.01 +/- 0.34 0.94 (0.65-1.36)e 10 8.16 12
Ver97 75 1.29 +/- 1.36 0.53 6 3.13 1
4 Strains are identified by field collection location in Louisiana. EBR97=East Baton 
Rouge; Lin97=Lincoln; StM97, StM98=St.Martin; Sus97, Sus98=USDA Susceptible; Ver96, 
Ver97=Vermi1ion.
b Total number of adults tested including controls. 
c Doses reported in ug malathion per adult.
d Resistance ratio relative to susceptible laboratory strain (LD50 field strain 
divided by LD50 laboratory strain).
e Significantly different from other strains based on non-overlapping 95% CL, using 
Lin97 as a reference strain.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Table 2.6. Dose-mortality data for adult Aedes mosquito strains from topically 
applied permethrin_______________________________________________________________
Species Strain3 nb Slope +/- SE LDso (95% CL)c X2 df
Ae. aegypti Sus98 55 3.60 + /- 0.80 0.22 (0.17-0.27) 0 2
Ae. taeniorhynchus Cal98 300 2.27 + /- 0.58 0.13d 5.63 2
Ae. vexans EBR97 317 1.48 +/- 0.19 0.27 (0.18-0.37) 3.2 4
Ae. vexans StT97 240 1.11 + /- 0.25 0.40 (0.11-0.91) 7.86 4
“ Strains are identified by field collection location in Louisiana. Sus98=USDA 
cn Susceptible; Cal98=Calcasieu; EBR97=East Baton Rouge; and StT97=St.Tammany.
** b Total number of adults tested including controls.
c Doses reported in ftq malathion per adult.
d Data too heterogeneous to determine slope and provide useful 95% confidence limits 
using probit analysis.
Table 2.7 shows dose-mortality data for Aedes 
species using resmethrin. LDsos ranged from 0.21 fiq 
(Asc97) to 0.52 pq (Oua97), a 2.5-fold difference. All 
field-collected strains were susceptible to resmethrin 
when we use the permethrin susceptible strain as a 
comparison (Sus98; LDso=0.22). In general, field strains 
collected from southern Louisiana show tremendous 
susceptibility, whereas the northern strain (Oua97) 
showed the greatest tolerance to resmethrin exposure, 
albeit this strain did not fit the model.
The superior activity of permethrin against 
Louisiana's adult mosquitoes is evident in this study. 
Dose-mortality data demonstrated that lower rates were 
required to control Aedes and Culex with permethrin than 
malathion. This study also proved that Aedes spp. are 
more susceptible to insecticidal pressures of malathion 
and permethrin than are Cx. quinquefasciatus. The 
differences in susceptibility between the species may be 
due to their different habitats. Culex quinquefasciatus 
are exposed continuously to the leaching of chemicals 
and fertilizers into their larval habitats which could 
increase their tolerance to insecticides. Aedes, on the 
other hand, especially Ae. albopictus are inhabitants of
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Table 2.7. Dose-mortality data for adult Aedes mosquito strains from topically 
applied resmethrin.
Species Strain* nb Slope ± SE LD50 (95% CL)c RRd *> df
Ae. albopictus Asc97 59 1.53 + /- 0.51 0.21 (0.07-0.42) 1 0.38 2
Ae. albopictus Lin97 234 1.70 + /- 0.20 0.23 (0.14-0.34) 0.7 5.25 3
Ae. albopictus Oua97 273 2.85 + /- 0.64 0.52 (0.25-0.81) 3 10.95“ 4
Ae. vexans EBR97 285 1.82 +/- 0.21 0.31 (0.24-0.39) — 5.91 4
Ae. vexans StTM97 280 1.29 + /- 0.25 0.43 (0.17-0.84) -- 8.3 4
“ Strains are identified by field collection location in Louisiana. Asc97=Ascension;
Lin97=Lincoln; Oua97=Ouachita; EBR97=East Baton Rouge; and StTM97-Mandeville. 
b Total number of adults tested including controls. 
c Doses reported in fjq malathion per adult.
d Resistance ratio relative to susceptible laboratory strain (LD50 field strain 
divided by LD50 laboratory strain).
“ Significant X2 value at 0.05 level.
artificial containers which usually retain clean water.
A lack of exposure to insecticides helps this species
retain susceptibility.
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CHAPTER 3
MONITORING RESISTANCE IN TBS SOUTHKRN HOU8S MOSQUITO, 
CULEX QUINQUEFASCIATUS (DIPTERA: CULICIDAS) IN LOUISIANA
Introduction
The control of mosquitoes in polluted water 
environments is a major concern for MADs in Louisiana. 
Oxidation ponds, catch basins, and septic ditches have 
been constructed in both rural and urban areas as an 
alternative to sewage lines. These ponds and ditches 
are located near schools, housing developments, trailer 
parks, and farms. The sewage effluent provides an ideal 
habitat for the southern house mosquito, Culex 
quinquefasciatus Say.
This species thrives in highly organic water, 
increasing in density as the proportion of organic waste 
increases (Steelman and Colmer 1 9 7 0 )  . This species is a 
serious nuisance and is the primary vector of St. Louis 
encephalitis in Louisiana (Steelman et al. 1967, Hayes 
1 9 9 3 )  .
The abundance of these habitats in Louisiana makes 
it difficult to treat all of these aquatic environments 
with larvicides. In addition, the high organic content
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of many ditches reduces the effectiveness of many 
larvicides.
Many MADs apply ultra-low volume (ULV) 
organophosphates and pyrethroids as adulticides when 
larviciding becomes ineffective or impractical due to 
t.he volume of ditches needed to be treated (Tietze et 
al. 1996) .
Wide-spread use of adulticides has resulted in the 
development of resistance in Cx. quinquefasciatus, 
especially in area adjacent to agricultural topography 
(Ruscoe 1987, Georghiou 1990). Insecticide resistance 
in vectors is expected to impact disease control 
(Brogdon and McAllister 1998a).
With the onset of resistance in Louisiana's 
mosquitoes, a state wide, a pesticide resistance 
monitoring program was initiated in 1996 to determine 
baseline efficacy data for commonly used adulticides. 
Information concerning the presence or absence of 
resistance also was obtained at that time. The method 
used to monitor resistance was by topical application, 
and this method is adequate for detecting resistance at 
high frequencies (ffrench-Constant and Roush 1990). 
However, mosquito populations in the early stages of 
resistance may be overlooked due to the insensitivity of
63
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this monitoring technique. Small changes in resistance 
frequency cannot be detected using this technique, but 
resistance detection is facilitated by discriminating 
dosages (Georghiou and Mellon 1983, ffrench-Constant and 
Roush 1990) .
The goal of this study is to evaluate a bottle 
bioassay technique which employs a discriminating dosage 
to monitor resistance in field populations and compare 
the results to those obtained using the topical 
bioassay. This technique has been used successfully to 
monitor resistance in Heliothis virescens (F.)
(McCutchen et al 1989, Plapp et al. 1990); however, 
modifications were made to adapt this technique for use 
in detecting resistance in adult mosquito populations 
(Brogdon and McAllister 1998b). If monitored on a 
regular basis, the appearance of resistance in mosquito 
populations can be detected before control failures 
occur. This rapid response would allow MADs to 
implement a preventative management tactic.
Materials and Methods 
Inaceta. Insecticide-susceptible strains of Cx. 
quinquefasciatus were obtained from the John A.
Mulrhenan Research Laboratory in Panama Panama City, FL, 
and Aedes aegypti were obtained from the USDA-ARS,
64
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Medical and Veterinary Entomology Research Laboratory in 
Gainesville, FL. These strains have not been 
supplemented with wild individuals. The Center for 
Disease Control and Prevention, Entomology Branch in 
Atlanta, GA provided data for insecticide-susceptible 
Anopheles freeborni and An. albiwenus. All strains have 
been maintained without exposure to insecticides. A list 
of field-collected strains used in this study are 
presented in Tables 3.1 and 3.2.
A minimum of 15 adults from each strain to be 
evaluated in the assay were exposed to discriminating 
concentrations of technical grade malathion, naled, 
permethrin, and resmethrin to determine the presence of 
resistance. Discriminating concentrations were 
determined by running a dosage line against susceptible 
populations. The least dose required to kill 100% of 
the susceptible colony was chosen as the discriminating 
dosage. Mosquitoes used in assays were 3-5 days 
postecdysis and had been fed 10% sucrose solution during 
the time period prior to insecticidal exposure.
Bioaaaay. Diluting technical grade insecticides in 
acetone creates our stock solutions to be used in the 
treatment of bottle interiors (malathion=4 00 //g/bottle; 
naled=25 //g/bottle; resmethrin=30 //g/bottle; and
65
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Table 3.1. Description of adult Culex quinquefasciatus 
strains used in the 1999 bottle bioassay study.
Code Location
Asc Gonzales, Ascension Parish, LA
Calc Lake Charles, Calcasieu Parish, LA
EBR Baton Rouge, East Baton Rouge Parish, LA
Jeff Jennings, Jefferson Davis Parish, LA
Line Ruston, Lincoln Parish, LA
Liv Denham Springs, Livingston Parish, LA
Orl New Orleans, Orleans Parish, LA
Oua Monroe, Ouachita Parish, LA
StB Chalmette, St. Bernard Parish, LA
Sus Panama City, FL (Sebring strain)
Ver Gueydan, Vermilion Parish, LA
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Table 3.2. Description of adult mosquito strains used 
in the 1999 bottle bioassay study.____________________
Code Species Location
ANA Anopheles albimanus Atlanta, GA
ANF Anopheles freeborni Atlanta, GA
JefT Anopheles quadrimaculatus Tietje, LA
JefR Anopheles quadrimaculatus Robicheaux, LA
Veraq Anopheles quadrimaculatus Gueydan, LA
US DA Aedes aegypti Gainesville, FL
Calat Aedes taeniorhynchus Lake Charles, LA
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permethrin=43 /ig/bottle) . Discriminating concentrations 
of insecticides are placed in bottles containing 1 ml of 
specific grade acetone, lids are replaced, and the 
bottles are shaken, rolled, and inverted such that all 
surfaces are evenly coated. Lids are then removed and 
rolling continues until all liquid has evaporated from 
the interior surfaces of the bottle and lid. Because 
the acetone evaporates from the bottles, only the 
insecticide remains. Bottles are allowed to air dry in 
the dark for 12 to 24 h to evaporate any excess 
moisture. Some insecticides used for this assay are 
photo-labile so care is taken to keep treated bottles in 
dark compartments until used.
A range of concentrations are tested against a 
susceptible population for determination of 
discriminating dosage. Discriminating concentrations 
were the lowest dosages killing all susceptibles within 
1 h with a near linear plot of dosage versus mortality. 
Percent mortality was plotted, and mosquitoes surviving 
beyond the susceptibles were scored resistant (Brodgon 
and McAllister 1998b). Field strains are tested against 
the selected discriminating dosages. Brogdon and 
McAllister (1998a) found that time-mortality bioassays
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were more sensitive than dose-mortality bioassays in 
detecting small changes in resistance frequency.
Dat* Collection. Mosquitoes are transferred to test 
chambers coated with acetone (control) or insecticide at 
time=0, and mortality scored every 15 min until all 
musquiloes are dead or until Die experiment is 
terminated. Some highly resistant individuals were 
observed to survive 24-36 h of continuous exposure. 
Criteria for determining mortality were that mosquitoes 
could not right themselves or fly when the test chambers 
were agitated. ffrench-Constant and Roush (1990) state 
that scoring moribund insects as dead may provide more 
meaningful results than classifying only those actually 
dead at the time. Assays were repeated three times 
using the same discriminating dose. Comparisons of 
populations were made on the percent surviving beyond 
the susceptible strain, not on the percent mortality.
To make this comparison, an LSD was applied to the 
adjusted LSMeans (SAS Institute 1985).
An additional assay was conducted on An. 
quadrimaculatus collected from Jennings, LA. This 
strain was exposed to the discriminating concentrations 
as well as synergists to determine if metabolism was the 
cause of the resistance. To test for oxidase activity,
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piperonyl butoxide (PBO) was added to each of the 
pyrethroid coated bottles, and to test for esterase 
involvement, S,S,S-tributylphosphorotrithioate (DEF) was 
added. If either of these enzymes were involved, 
populations surviving beyond the designated threshold 
would die before or at the threshold. If populations 
continue to survive beyond the threshold, these enzymes 
are not responsible for the resistance. This can be 
confirmed with microplate assays, but were not part of 
this experiment.
Results and Discussion 
According to Brogdon and McAllister (1998b), all 
populations surviving beyond the time that susceptible 
populations die are considered resistant. The time- 
mortality lines do not reveal the degree of resistance, 
relative to the reference strain. Unlike dose-mortality 
data which can use resistance ratios to determine levels 
of resistance, results from bottle bioassays cannot be 
used to provide this data.
The responses of the Cx. quinquefasciatus strains 
evaluated are listed as percentage survival after 100% 
mortality was achieved in the susceptible reference 
strain (Sus) (Table 3.3). A 25 //g/bottle discriminating
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Table 3.3. Percent survival4 of 1999 adult Culex quinquefasciatus exposed to the
discriminating concentration.
Strain naled malathion permethrin resmethrin
Asc 55 c 35 c 4 ab 3 a
Cal --- 89 b 12 ab ---
EBR 85 b 28 c 1 ab 0 a
Jeff 15 a 4 ad 2 ab 1 a
Line 0 a 26 c 2 ab 0 a
Liv 0 a 92 b 1 ab 0 a
Orl 0 a --- 14 a 5 a
Oua --- --- --- 9 a
StB 8 a 20 cd 49 c 31 b
Sus 0 a 0 a 0 b 0 a
Ver --- 96 b 4 ab 0 a
a Percent survival followed by different letters are 
p£0.01, LSD (SAS Institute 1997). Comparisons were
significantly different at 
made among strains.
concentration was determined for naled, and this was the 
lowest concentration developed in this study. Most 
strains were highly sensitive to this product, but two 
had significantly higher survival after 15 min of 
exposure to naled than the susceptible reference strain. 
The highest percentage survival was observed in the EBR 
strain (East Baton Rouge Parish). There are no external 
factors that could be causing this high tolerance. MADs 
throughout southern Louisiana employ naled almost 
exclusively when large areas of the city need to be 
treated by aircraft. It is possible that large cities, 
such as Baton Rouge, have more spray request calls 
because of the number of inhabitants in the parish. If 
the larger parishes spray more frequently this could be 
contributing to the increase in tolerance in the Cx. 
quinquefasciatus.
For malathion, a discriminating concentration of 
400 //g/bottle was determined. Based on the length of 
time it took the susceptible strain to die, the 
threshold for malathion is 45 min. Data reveal that 
after 45 min, only the Jeff strain (Jefferson Davis 
Parish) is not significantly different from the Sus 
strain (Table 3.3). Three Culex strains show great 
tolerance to malathion: Calcasieu Parish (Cal),
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Livingston Parish (Liv), and Vermilion Parish (Ver), 
with the Ver strain showing the greatest level of 
tolerance at 96% survivorship. Additional differences 
are seen in Asc (Ascension Parish), EBR, Line (Lincoln), 
and StB (St. Bernard) strains which have percentage 
survival significantly higher than the susceptible 
reference strain, but significantly lower than the three 
previous strains. Each of these strains had resistance 
ratios greater than 5-fold when assayed with the topical 
method. This indicates that this method provided 
similar information about the susceptibility of the 
populations.
Malathion is toxic to several insect pests of crops 
as well as to insect vectors and predators (Georghiou 
1990). It is cross-labeled for use in agricultural, 
urban, and public health environs. The indiscriminate 
use of this insecticide has contributed to its wide 
spread resistance (Gopalan et al. 1997, WHO 1980).
Hobbs (1973) showed in Central America a direct 
correlation between mosquito population densities and 
the number of agricultural pesticide applications of 
malathion. It was likely that heavy exposure to cotton 
pesticides greatly impacted the frequency of resistant 
genes. Likewise, some strains of Cx. quinquefasciatus
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assayed in this trial were collected from rural areas 
that were adjacent to rice, sugarcane, and soybean 
fields. This correlation between agrochemical pesticide 
exposure and insecticide resistance in Louisiana 
mosquitoes was revealed in one of the trials in this 
study. These results are consistent with other trials 
performed during this study. Topical application of 
malathion to Liv and Calc strains show resistance ratios 
of 102 and 49 to 63 (1996-1998), respectively. Field 
trials also reveal a tolerance of the Liv and Calc 
strains to malathion.
Table 3.3 presents percent survival data for the 
pyrethroids. A discriminating concentration of 45 ug 
permethrin/bottle was used. Only two species show 
significantly higher survival after 45 min of exposure 
to permethrin than the susceptible reference strain.
StB strain shows the greatest level of survival at 49%, 
while Orl strain had 14% survive. The percentage 
survival in these strains also is significantly 
different from each other. The degree of resistance in 
these populations may be caused by a cross-resistance 
with DDT. Priester and Georghiou (1980) showed that Cx. 
quinquefasciatus were cross-resistant to 30 pyrethroids 
including permethrin. They state also that new
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pyrethroids that have the potential to be toxic to 
agricultural, medical, and household pests are being 
discovered. Some of these pyrethroids are cross-labeled 
for both agricultural and medical pests. This could 
lead to a resistance problem like that seen in 
malathion.
The results from this trial are consistent with my 
findings during the topical bioassay. Those strains 
with low percent survival have resistance ratios near 5- 
fold that of the susceptible. Those strains with 
greater survival in the bottle bioassay have larger 
resistance ratios.
Culex quinquefasciatus exposed to resmethrin showed 
great susceptibility. Susceptible Culex died after only 
30 min of exposure to resmethrin, thus making 30 min the 
threshold for this insecticide. Although there were 
some survivors beyond the 30 min threshold, most strains 
exhibited percent survival that were not significantly 
different from the reference strain. One exception was 
seen in the StB (St. Bernard) strain which had a 31% 
survival. St. Bernard Parish relies heavily on 
adulticides to control salt-marsh mosquito populations, 
Ae. sollicitans and Ae. taeniorhynchus. St. Bernard 
Parish's focus is not on the control of Cx.
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quinquefasciatus, but it was evident that the intense 
spray program did affect this population.
Resistance ratios were not determined for 
resmethrin for this strain; however, it is evident that 
cross-resistance with permethrin existed. Resistance 
ratios with permethrin ranged from 20 to 26-fold in the 
topical assay. The use of multiple pyrethroids 
simultaneously and at sub-lethal doses to the Cx. 
quinquefasciatus could lead to cross-resistance.
Because this species was not the target of insecticidal 
pressures, it received sub-lethal doses in the form of 
insecticide drift. As the marshes were sprayed to 
control salt-marsh species, the drift from the planes 
hit breeding and resting habitats in the surrounding 
areas. Individuals surviving the exposure from the drift 
slowly build up resistance to the insecticides. Had this 
species been targeted for insecticide exposure, a 
labeled rate of insecticide would have reached the 
Culex.
Susceptibility to insecticides of species other 
than Cx. quinquefasciatus were also evaluated using the 
bottle bioassay. Table 3.4 details the results from the 
experiment and indicates that naled effectively killed 
salt-marsh mosquitoes, but did not kill the Anopheles
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Table 3.4. Percent survival4 of 1999 field-collected adult Anopheles 
quadrimaculatus, Aedes sollicitans, and Aedes taeniorhynchus exposed to the 
discriminating concentration._________________________________________
Strain Species naled malathion permethrin resmethrin
ANA An. albimanus --- 0 a 0 a ---
ANF An. freeborni 0 a 0 a --- 0 a
CalAt Ae. taenio. 0 a 0 a 0 a 0 a
Cam Ae. sollicitans 0 a 1 a 4 a 0 a
JefR An. quad. 71 b 75 be 21 a 1 a
JefT An. quad. 78 b 63 bd 23 a 0 a
JDDEF An. quad. 66 b 4 7 cd --- ---
JDPBO An. quad. --- --- 0 a 0 a
USDA Ae. aegypti 0 a 0 a 0 a 0 a
VerAq An. quad. 61 b 49 b 0 a 0 a
a Percent survival followed by different letters are significantly different 
at p^O.Ol, LSD (SAS Institute 1997). Comparisons were made among strains.
quadrimaculatus before the threshold time. There were 
no significant differences (p£0.05) among the Anopheles 
strains but their percentage survival was significantly 
different (p<0.05) from the two susceptible reference 
strains [USDA and ANF (An. freeborni) ] .
Anopheles were collected from two locations in 
Jefferson Davis Parish, i.e., Robicheaux (JefR) and 
Tietje (JefT) . Both populations showed resistance to 
naled (Table 3.4). To determine the mechanism causing 
this resistance, an insecticide synergist, DEF (S,S,S,- 
tributylphosphorotrithioate), was added to the 
insecticide during the coating of the bottles. These 
data (JDDEF) indicated that esterase inhibitor DEF did 
not overcome resistance, and the resistance in the 
Jefferson Davis An. quadrimaculatus was not due to 
increased metabolism (Scott 1990).
Similar results were seen in those An. 
quadrimaculatus exposed to discriminating concentrations 
of 400 nq malathion/bottle (JDDEF) (Table 3.4). The 
synergist was not able to overcome the resistance to 
malathion indicating that esterase metabolism is not the 
mechanism behind the resistance in the organophosphates.
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A discriminating concentration of 43 //g/bottle was 
determined for permethrin in these species as well as in 
the Cx. quinquefasciatus. In this trial, the percentage 
survival observed in the two strains was numerically 
higher than that of the susceptible strains but not 
significantly different (Table 3.4). The two strains 
showing resistance were Jefferson Davis populations.
To test for metabolic resistance, an insecticide 
synergist, PBO (piperonyl butoxide), was added to the 
test bottle (JDPBO). Results show that the PBO overcame 
resistance, indicating that resistance to permethrin is 
due to increased metabolism of mixed-function oxidases 
(MFOs) (Scott 1990). No topical bioassay data are 
available for this species.
Data on percentage survival of An. quadrimaculatus 
and Aedes spp. using a discriminating concentration of 
30 //g/bottle for resmethrin reveal that all species were 
effectively controlled by this insecticide (Table 3.4). 
An. quadrimaculatus collected from Robicheaux in 
Jefferson Davis Parish showed resistance to resmethrin, 
although not significant. When PBO was added to the 
test bottles (JDPBO), the results revealed that MFOs 
were metabolizing the resmethrin and the permethrin.
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Insecticidal pressures from the MADs were removed 
from both locations in Jefferson Davis Parish about 10 
years prior to this trial, yet resistance to both 
organophosphates and pyrethroids are strongly present. 
Rice fields surround the barns where these Anopheles 
were harvested. Farmers confirm that they have applied 
methyl-parathion and lamda-cyhalothrin periodically to 
control rice pests. This suggests that the agricultural 
pesticides may be influencing the resistance in 
Anopheles taking refuge in the riceland agroecosystem, 
as was noted in California by Georghiou (1986).
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CHAPTER 4
xrrzcACT or ground ulv malathion against adult
MOSQUITOB8 FROM A MOSQUITO CONTROL AREA AMD A HIGH-USE
AGROCHEMICAL AREA
Introduction
Previous field trials in Louisiana against adult 
Culex quinquefasciatus Say using organophosphates have 
indicated a lack of control (Meek and Meisch 1997). 
Similar field trials were repeated in 1998 to verify 
reduced efficacy of malathion against Cx. 
quinquefasciatus and Aedes sollicitans. These results 
indicate that populations exposed to chemical 
adulticides on a regular basis by vector control 
agencies were found to be significantly more tolerant 
(14% mortality at 24h posttreatment) to organophosphates 
than naive populations (49% mortality at 24h 
posttreatment).
Naive populations defined in this study are 
mosquitoes that receive very limited exposure to 
chemicals. The idea of a naturally occurring naive 
population is in reality non-existent when considering 
agrochemical and homeowner usage. Louisiana has 
extensive agricultural lands particularly in the 
northeastern and lower, western-third of the state.
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Vast monocultures of cotton, soybean, sugarcane, and 
rice represent the agricultural commodities for many 
small rural towns. Agricultural fields not only provide 
resting sites for adult mosquitoes but irrigation of 
fields provides abundant larval habitats (Georghiou 
1996, Welch and Olsen 1986). Resulting selection 
pressures target mosquito adults and larval stages as 
well as agricultural pests (Martinez-Carrillo 1983). 
Although mosquitoes are not the targets of these 
agrichemicals, their populations are affected as 
Georghiou (1972) pointed out when he noticed a decrease 
in An. albimanus populations that were subjected to 
cotton pesticides. Likewise, Hobbs (1973) noted a 
similar reduction in An. albimanus populations in 
coastal regions of Central America after being exposed 
to agricultural pesticides.
Resistance occurs when significantly greater 
numbers of individuals survive following successive 
applications of pesticides, thereby selecting for 
resistant genes (Committee, eds. 1986). There is much 
evidence to show the parallels between agrichemicals and 
vector resistance, i.e., resistance found in El 
Salvador's An. albimanus paralleled insecticidal 
pressures in the cotton fields (Georghiou 1986).
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Georghiou (1990) presented a list of resistant mosquito 
and pest species due to agrichemical pressures and a 
list of the insecticides used. The list included 
dieldrin, DDT, malathion, and methyl parathion. These 
have been commonly used to control pests in cotton, 
coffee, and rice. Georghiou and Taylor (1906) stated 
that resistant populations demonstrated lower fitness 
than their susceptible counterparts; however, continuous 
selection could actually improve their fitness. Such an 
improvement could result in the stabilization of 
resistance in the population (Georghiou 1986) .
Serious problems arrive when arthropods exhibit 
several mechanisms of resistance that result in cross­
resistance (Priester and Georghiou 1980, Kudamatsu et 
al. 1983). When faced with vector-borne diseases, 
control of the vectors becomes critical. Monitoring of 
pesticide resistance among pest and vector mosquito 
species is an important and necessary function in every 
professionally operated MAD.
In this study, I examined the impact of 
agricultural pesticides in the resistance of mosquitoes 
and compared this impact to populations exposed 
primarily to toxicants for vector control. A laboratory 
susceptible colony was used to determine if mosquitoes
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collected from rural areas can be used as naive 
populations. If rural populations can be substituted 
for lab colonies, a more accurate estimate of the 
resistance problem in Louisiana can be assessed 
(Anonymous 1986a and 1986b).
Materials and Methods
Late instar, larval populations of Cx. 
quinquefasciatus were collected from open septic ditches 
3-5 days before the caged adult field tests described 
herein were conducted. One population was collected from 
an area of southeast Louisiana in Slidell (St. Tammany 
Parish). This area has a 30-year old, parish-wide MAD. 
The second population was collected from an area of 
northwestern Mississippi (Bolivar County) which has no 
county-wide mosquito control. This site was located, 
however, between cotton and soybean fields and fully 
exposed to agrichemical usage inherent to these 
agroecosystems.
Larvae were maintained in water from their original 
habitat, and subsequent emerging adults were provided 
with a 10% sucrose solution. Freshly emerged adults 
from Slidell were held in a rearing room of the St. 
Tammany Parish MAD (STPMAD). The Mississippi-collected 
adults were maintained at the Louisiana State
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University's Mosquito Research Laboratory in Baton 
Rouge. On the day of the test, the Mississippi adults 
were transported to STPMAD and placed in the same 
laboratory facility as the Slidell strain.
The third population, Sebring strain, is a 30+ 
year-old lab colony obtained from the Florida A&M 
University, JAMRL Laboratory in Panama City, Florida. 
This population has not been exposed to insecticides 
during its captivity nor have any wild-type mosquitoes 
been added to the laboratory colony. Egg rafts from the 
JAMRL Lab were mailed to the Louisiana State University 
Mosquito Research Laboratory. Egg rafts were placed in 
243 cm2 enamel pans half filled with deionized water. 
Larvae were fed finely, ground Tetramin® fish food 
suspended in water and pipetted on the bottom surface of 
the pans to prevent a film from forming on the water 
surface.
Hand-held aspirators were used to remove a limited 
number of adult mosquitoes from the large laboratory 
cages. Captured adult mosquitoes were lightly 
anesthetized with carbon dioxide and were transferred to 
individual 16-mesh, cylindrical, screened cages (10.2 x 
25.4 cm) (Sandoski et al. 1983). The caged adult 
mosquitoes were held at 22 °C and at 40% RH in the
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STPMAD before exposure to adulticides. A series of 
caged mosquitoes were exposed to 3 replicated 
applications of three doses of Fyfanon® ULV (96.8% 
malathion) delivered at 2.0, 3.2, and 4.3 oz/min., i.e., 
lowest, median, and highest labeled rates.
A grass-covered strip (460 m) 15 miles from the 
STMAD and adjacent to a housing development was utilized 
as the test area. Three plots were established along 
the strip with at least 100 m separating the plots.
Each plot consisted of nine 1.5 m high aluminum stakes 
arranged in a 3 x 3 pattern. Rows were situated 
perpendicular and downwind to the spray route and 
separated from one another by 15.25 m. Stakes within 
each row were set at 15.25, 31.5, and 61.0 m downwind 
from the spray route. Selected environmental parameters 
(i.e., wind speed and direction and temperature 
inversion) were measured to ensure maximum efficiency of 
the pesticide before application. A temperature 
inversion occurs when the ambient temperature about 1.5 
m above the ground is equal to or less than the ambient 
temperature at 6 m above the ground.
Before the malathion applications, nine cages of 
each mosquito strain (total of 27 cages or the 
equivalent of one plot) were placed in a staked plot for
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10 minutes, removed, and transported back to the 
laboratory to serve as untreated controls. These adults 
were anesthetized again with carbon dioxide and 
transferred to clean 237 ml paper cans with screened 
lids. A cotton ball moistened with a 10% sucrose 
solution was placed on each screened lid for adult 
sustenance. Mortality of the untreated controls was 
checked at 1, 12, and 24 h.
Upon removal of the untreated control adults, the 
screened cages, each containing either the Slidell 
strain, the Mississippi strain, or the lab colony (e.g., 
three cages per stake), were attached to the top of each 
of the nine stakes within the three plots for a total of 
27 cages per plot. Three trucks, each mounted with a 
Londonaire® ULV cold fog generators equipped with 8663 
spray heads and nozzles were used to apply the three 
Fyfanon rates to the test plots. All applications were 
made at a ground speed of 16.1 kph (10 mph), and 
calibrated to deliver a 13.50// mass median diameter 
(mmd) droplet for a pesticide flow rate of 2.0 and 4.3 
oz/min, and 15.56// mmd for a flow rate of 3.2 oz/min. 
Three applications of each rate were made to the field 
plots on an alternating spray schedule (i.e., trucks
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were rotated to the other plot after the treated 
mosquitoes had been collected and transported to the 
laboratory in order to alternate chemicals among the 
plots.
After ten minutes had elapsed following the passage 
of the spray truck, the cages of treated mosquitoes were 
collected from the plots and transported to the STPMAD. 
The treated mosquitoes were anesthetized and handled in 
the same manner as previously described for the 
untreated control cages. Mortalities for all mosquito 
strains were recorded at 1, 12, and 24 h posttreatment. 
Mosquitoes were classified dead if they did not move 
when probed or if they could not right themselves.
An analysis of variance of mean mortalities was 
performed using GLM (SAS Institute 1985). Mean mortality 
in the control was less than 5%; therefore, no 
correction for control mortality occurred. Mean 
separation was determined using Tukey's (SAS Institute 
1985) .
Results and Discussion
Statistical analyses of the overall mortalities 
caused by the three doses (2.0, 3.2, and 4.3 oz/min) 
indicate that significant differences occurred between 
the species (F=427.2; df=2; p<0.0001), treatments
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(F=129.1; df=3, p<0.0001), and their interactions 
(F=44.0; df=6; p<0.0001). No significant interaction was 
recorded between time and distance. The mean percent 
mortalities of caged Cx. quinquefasciatus adults that 
occurred over time after exposure to three rates of 
ground ULV applications of Fyfanon is provided in Table 
4.1. Since no interaction between time and distance was 
recorded, data presented in this table include mean 
mortality for all distance for a particular time. 
Mortalities in the laboratory strain were high (>75%) 
and showed no significant difference (p>0.05) in the 
maximum and median rate over all three posttreatment 
times. Mortality of the laboratory strain was 
significantly greater at 12 and 24 h when exposed to the 
minimum rate (p<0.05) than at 1 h; however, mortality 
did not exceed 55% when exposed to this rate.
Mortalities of the Slidell strain showed little 
differences among the three posttreatment times.
Maximum and median rates show significantly greater 
mortality at 12 and 24 h (maximum, F=3.93; df=2; p<0.05 
and median, F=6.72; df=2; p<0.01) compared to 1 h, but 
no such differences in mortality were seen in mosquitoes 
exposed to minimum rates.
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Table 4.1. Mean percent mortalities of caged Culex quinquefasciatus adults over time 
after exposure to three rates of ground ULV Fyfanon.
Post-
Treatment
Mean Percent Mortality a, b, c
Lab Colony Slidell strain Mi;ssissippi strain
(h) Max Med Min Con Max Med Min Con Max Med Min Con
1 8 9 .  7al 7 9 .  2 al 2 8 .  3a2 3 .  7a3 2 . 6al2 6 .  6al 0 .  9a2 3 .  2al2 7 . 4al 11 .  3al 2 . 6al 3 . 7al
12 9 4 .  6al 8 9 .  lal 5 5 . 2b2 5 .  la3 9 .  4bl 2 4 .  5b2 2 . 9al 0 .  3al 14 . 5al 2 8 .  9b2 5 . 3al 2 . 7al
24
a-v -
94 . 7al 8 9 .  4al 5 5 .  5b2 6 .  4a3 10 . 8bl 2 6 .  3b2 3 .  0al 0 .  8al 17 .  3al 3 3 .  7b2 6 .  8al 4 . 3alVC>
N3
oz/min, Med=3.2 oz/min, Min=2.0 oz/min, and Con=Control. 
b Mean separation conducted on mortality data, with untreated mortality provided only 
for comparison.
c Means with the same index in a column (a-b) (comparison between distances) or 
within a row (1-3) (comparison between rates) are not statistically different 
(p>0.05).
The Mississippi strain mortalities were slightly 
different than the Slidell strain. In this strain, only 
the median rate showed a significant difference in 
mortalities over time. Greater mortality was recorded 
at 24 h than at 1 h (F=13.05; df=2; p<0.01). With all 
ether exposure rates, no significant differences were 
seen over the posttreatment times.
Mortality in all strains increased over time 
regardless of the exposure rate. Therefore, for 
discussion purposes, most comparisons will be made at 
the 24 h reading. In addition to analyzing differences 
over the three posttreatment times, Table 4.1 also 
provides differences between each of the exposure rates. 
In the lab colony, greater mortality (94.7%) was seen in 
those mosquitoes exposed to maximum rates than those 
mosquitoes exposed to the median rate which resulted in 
89.4% mortality. However, the differences in 
mortalities were not significant (F=37.3; df=3; 
p<0.0001); therefore, median rates could be used to 
effectively control populations. Mortalities were 
significantly less at all posttreatment times when 
exposed to minimum rates (28-56%) than to the maximum 
and median (90-94% and 79-89%, respectively)(F=37.33; 
df=2; p<0.001).
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Mortalities of the Mississippi Culex were 
significantly greater at 12 and 24 h posttreatment when 
exposed to the median rate (28.9 and 33.7%, 
respectively) (F=0.30; df=2; p<0.0001). Mortalities of 
the Slidell Culex were significantly greater at 12 and 
24 h posttreatment when exposed to both the maximum (9.4 
and 10.8%, respectively) (F=8.59; df=2; p<0.001) and 
median rates (24.5 and 26.3%, respectively) (F=8.30; 
df=2; p<0.001) than at 1 h posttreatment. Significantly 
greater mortalities were seen in those mosquitoes 
treated with median rates than maximum rates in both 
strains. These data indicate that abatement districts 
could receive acceptable control of adult mosquitoes 
using median rates compared to maximum rates, thereby 
resulting in a cost savings of the pesticide.
The mean percent mortalities of caged Cx. 
quinquefasciatus adults that occurred downwind after 
exposure to three rates of ground ULV applications of 
Fyfanon is provided in Table 4.2. Mean mortalities for 
each distance represent the mean across all post­
treatment times, since no significant difference was 
seen between time and distance. Mortalities among the 
lab colony were significantly different only in those 
mosquitoes exposed to minimum rates. Significantly
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Table 4.2. Mean percent mortalities of caged Culex quinquefasciatus adults over 
downwind distance after exposure to three rates of ground ULV Fyfanon.
Treatment Mean Percent Mortality a' b' c
Distance ---------------------------------------------------------------------------
Lab Colony Slidell strain Mississippi strain
(m) Max Med Min Con Max Med Min Con Max Med Min Con
15.25 93. 9al
03.o03 56.5a2 0.7a3 14. 9al2 27. 4al 2. 9a2 0. 5a2 18 . 7al2 26. 3al 9. 5a2 4. 2a2
30.5 95. 3al 84. 8al 51. 9ab2 13. 6a3 4.7bl 24. 8a2 1. 7al 0.0al 17 . 3al2 24. 9al 3. lb3 3. 6a23
VO 61.0 89. 9al 92. 2al 30.4b2 1.0a3 3. lbl 5. 2bl 2. 2al 3. 9al 3. 3bl 22. 7a22. lbl 2. 9al
cn
“ Formulations of Fyfanon (96.8% malathion) have been abbreviated such that Max=4.3 
oz/min, Med=3.2 oz/min, Min=2.0 oz/min, and Con=Control. 
b Mean separation conducted on mortality data, with untreated mortality provided only 
for comparison.
c Means with the same index in a column (a-b) (comparison between distances) or 
within a row (1-3) (comparison between rates) are not statistically different 
(p>0.05).
greater mortality occurred at 15.25 m compared to 61.0 m 
(57 and 30%, respectively) (F=4.75; df=2; p<0.01) with 
the minimum rate.
Mortalities among the three exposure distances were 
variable in the Slidell strain. Mortalities after 
exposure to the maximum and median rates were 
significantly greater at 15.25 m (15 and 27%; F=8.59; 
df=2; p=0.001, respectively) than at 31.0 m (3 and 5%; 
F=8.30; df=2; p<0.001, respectively). Low mortality was 
recorded for the minimum rate regardless of distance.
Mississippi strain mosquitoes also exhibited 
greater mortality at 15.25 m compared to those 61.0 m 
downwind from the spray truck. Mississippi Culex 
mortality was significantly greater at 15.25 m downwind 
after exposure to the maximum and minimum rates (18.7%; 
F=6.46; df=2; p<0.01 and 9.5%; F=5.58; df=2; p<0.01 
respectively) than at 61.0 m (3.3 and 2.1%, 
respectively). The median rate produced no significant 
difference in mortality over the three downwind 
distances (F=0.30; df=2; p>0.5).
Comparisons of the three Fyfanon rates were also 
made and significant differences were observed. With 
all three strains, both the maximum and median rates 
produced significantly greater (p<0.05) mortality than
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the minimum rate. In addition, all strains showed no 
significant difference (p>0.05) among the mortalities 
caused by these rates. Mississippi mosquitoes exposed 
to median rates of Fyfanon showed greater mortality 
(p<0.05) at 61.0 m downwind than the maximum rate.
This trial indicates that lower rates (median) can 
be used to control mosquito populations. By increasing 
the rate, the differences in mortality observed might 
not be worth the expenditure involved in increasing the 
dosage. In addition, mortality increased with time and 
decreases with distance. An exception was seen in the 
lab colony that showed an increase in mortality over 
distance when exposed to the median rate. Among the two 
field strains, only minimal control of populations 
(<35%) was achieved. Greater mortality was recorded in 
the Mississippi strain than in the Slidell strain.
As discussed in an earlier chapter, resistance in 
mosquito populations inhabiting monocultural locales, 
especially those surrounded by rice fields, has already 
been observed in Louisiana. The results from this trial 
provide evidence that mosquito abatement efforts are 
stifled in areas where applications of both agricultural 
and vector-control insecticides occur. In addition, we 
were able to determine that naive populations are
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difficult to locate because much of Louisiana's
topography is geared toward farming; however, previous 
chapters have indicated that susceptible populations do 
exist in the state. Unfortunately, we may have to use a 
different reference population for each insecticide 
being monitored because most strains show signs of 
resistance to at least one class of insecticide.
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Introduction
The commercial use of microbial agents has become 
increasingly important since 1976 when Bacillus 
thuringiensis var. israeliensis (Bti) de Barjac was 
isolated from a stagnant pond in Israel (Margalit 1990). 
Overshadowed by Bti's commercialization for many years, 
Bacillus sphaericus Neide is once again being examined 
as a microbial agent to help control pre-adult mosquito 
populations (Thiery and Hamon 1998) . Although B. 
sphaericus has been the subject of research since the 
1960's (Chapman 1976, Singer 1990), it has received 
secondary attention compared to Bti (Bowles et al. 1990, 
Thiery and Hamon 1998).
Many field trials have proven the efficacy of Bti 
against immature mosquitoes (Stark and Meisch 1983, 
Sandoski et al 1985, and Sandoski et al. 1986); it's 
efficacy stems from the proteinaceous parasporal 
crystals that are composed of multiple proteins 
(Goldberg and Margalit 1977) . The larvicidal activity of 
this organism is not only efficacious to mosquitoes,
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but, it has been proven effective against black flies 
(Simulium spp.) as well (Goldberg and Margalit 1977). 
Field studies revealed that Bti formulations provided 
high levels of initial control, but effectiveness 
rapidly declines. Early instar larvae can be seen 
within 3-4 days after treatment (Muila 1930). Although 
this agent does not recycle, its use in conjunction with 
natural predators could reduce the number of chemical 
applications needed to control mosquito populations.
In recent years, due to the resistance to Bti 
(Tabashnik 1994), B. sphaericus has reemerged as a 
potential larvicide. Unlike Bti, B. sphaericus is a 
living bacteria that continues to multiply in the 
mosquitoes' body. As the larvae die and decompose, the 
bacteria are released into the aquatic environment to 
infect larvae. Field studies have revealed that the 
insecticidal action of this microbe persists for months 
when the water is periodically agitated, thereby 
recycling the bacteria and reducing overall cost (Lacey 
1990).
Culex salinarius Coquillett, Psorophora columbiae 
(Dyar and Knab) and Anopheles quadrimaculatus Say are 
rice field pests in the southeastern United States. A 
comparison of the efficacies and lengths of persistence
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of Bti and B. sphaericus in Louisiana and Texas rice 
fields has not been reported. The purpose of this study 
was to evaluate the efficacy and residual persistence of 
four formulations of these biorational materials against 
sentinel populations of Cx. salinarius and Ps. columbiae 
larvae as well as native populations of An. 
quadrimaculatus and Cx. salinarius larvae in small rice 
plots.
Materials and Methods
In both Texas and Louisiana, tests were initiated 
in five 0.2 acre, plots of ratoon rice measuring about 
81.3 cm high. Four plots were treated with each of the 
formulations listed in Table 5.1; the fifth plot was 
left untreated to serve as the control.
Before treating the plots, 5 sentinel floater cages 
(Sandoski et al. 1986) were placed, evenly spaced, in 
each plot. Floating cages were made from 1.9 L 
polyurethane bowls. A nylon cloth screen was used to 
cover the bottom and three of the six 3 cm holes located 
on sides of the cages to control water levels. Ping 
pong balls were placed in the remaining three holes and 
held in place with hot glue; to ensure buoyancy of the 
floating cages (hereafter referred to as floaters).
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Table 5.1. Application rates of Bacillus thuringiensis var. israeliensis 
(VectoBac®) and Bacillus sphaericus (VectoLex®) applied to 0.2 ha ratoon rice 
plots in Texas and Louisiana.
Commercial Product Dosage Rate Active Ingredient
VectoBac® Wettable Dispersible Granule (VB/WDG) 0.17 kg/ha 6.05 E + 8 ITU's/a
VectoBac® 12AS (VB/12AS) 0.47 1/ha 6.05 E + 8 ITU's/a
VectoLex® Wettable Dispersible Granule {VL/WDG) 0.60 kg/ha 2.26 E + 8 ITU's/a
VectoLex® CG Granule (VL/CG) 4.5 kg/ha 2.26 E + 8 ITU's/a
Floaters then were placed between rows of rice to 
prevent drift caused by fluctuations in the water level
Floaters were left uncovered during the treatment 
of each plot to allow maximum exposure to the bacterial 
applications. Immediately after treatment of the plots 
Culex and Fsotophord larvae were placed into each 
floater to serve as "sentinel larvae". In Texas, both 
Culex and Psorophora were used as sentinel larvae; 
whereas, in Louisiana only Culex was used as sentinel 
populations. After larval introduction, nylon cloth 
screens were placed over the tops of the floaters and 
held in place by rubber bands.
All plots were surveyed one day before treatment; 
post-treatment at 24, 48, 72 hrs; and semiweekly 
thereafter. During these surveys, the status of the 
native mosquito populations as well as sentinel 
populations was ascertained. Native larval population 
abundance was determined using the standard dipper 
survey technique. For each plot on each sampling date 
40 dips, consisting of 5 dips along each side of the 
plot's perimeter and 10 dips down the two diagonal 
transects were sampled. The mosquito larvae contained 
in each dip were counted as to their genera and life
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stage (Early = instar 1&2, Late = instar 3&4, and pupae) 
and recorded.
Sentinel larval mortality in each floater cage in 
each plot was determined on a given day post-treatment. 
Percent mortality was calculated by dividing the number 
dead by Lhe number, originally placed in the cage. In 
order to test the residual effect of B. sphaericus, 
which recycles, fresh sentinel larvae were added once 
per week to the original number of larvae in each 
floater. VectoBac® products do not recycle; therefore, 
surviving larvae were removed and fresh larvae placed 
into the floaters once per week.
Rainfall (Fig 5.1) readings were also recorded at 
the research stations. Additional materials and methods 
can be classified according to application methods. 
Aerial application. The efficacy of aerially-applied 
VectoLex and VectoBac formulations was investigated at 
the Louisiana State University Agricultural Center Rice 
Experiment Station in Crowley, LA on October 16 - 
December 2, 1997. Tests were initiated one month after 
the plots were flooded with irrigation water. An 
Islander-BN2 and a Cessna 188 supplied by East Baton 
Rouge Mosquito and Rodent Control District (Baton Rouge, 
LA) and St. Tammany Parish Mosquito Abatement District
106
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
o
2.5
co
(1)x:
u
c
•H
’— t 
i— c
(Q
c•H
4 Louisiana 
•  -  Texas
0.5
14 21 26
Days Post-treatment
35 42 49
Figure 5.1. Weekly rainfall recorded in Texas and Louisiana during 
the experiment.
(Slidell, LA) applied the formulations of VectoLex® and 
VectoBac®. Wind speed during the application was 
southwesterly at 7-12 mph. Larvae used as sentinel 
populations for this test were collected from the 
untreated plot on the day to be used; this insured that 
the larvae were acclimated to the water. Sentinel 
populations consisted of 10 early instar Cx. salinarius 
larvae per floater per plot.
Ground application. The efficacies of ground-applied 
VectoLex® and VectoBac® formulations were investigated 
in second-crop rice at the Texas A&M Agricultural 
Research and Extension Center in Beaumont, Texas, from 
September 14, 1997 through November 1, 1997. Tests were 
initiated 3 days after fields were flooded with 
irrigation water. A Maruyama MD 150DX backpack 
mister/duster/spreader was used to apply the various 
bacterial formulations to the plots. Four contiguous 
transects (ca. 5.5 m wide) running the length of the 
plot were followed in an attempt to get an even 
dispersal of each bacterial formulation. Late instar 
Cx. salinarius and Ps. columbiae larvae were used as 
sentinel populations. The Cx. salinarius larvae used in 
the test were obtained from the TAMU laboratory Texas
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colony and from fields adjacent to the test plots. 
Psorophora columbiae larvae were hatched in the 
laboratory from eggs derived from adults collected from 
the research station in July 1997. Larvae reared in the 
laboratory were fed ground Tetramin® fish food suspended 
in reverse-osmosis-purified water until reaching the 
second instar. Second instar larvae were then 
transported to the research station and allowed to 
acclimate for 24 hrs before being placed in sentinel 
floater cages. Five larvae of each species were placed 
in the floater cages post-treatment.
All mortality data for the sentinel populations 
were corrected using Abbott's transformation to account 
for unexplained mortality in the control (1925).
General linear models were used to determine significant 
differences between treatments and the control (SAS 
1985). Mortality in natural populations was analyzed by 
determining reaction indices. These indices were based 
on pre-treatment and post-treatment population numbers 
(post-treatment numbers at n day/pre-treatment numbers). 
Reaction indices less than 1.00 indicate a reduction in 
native larval densities. Due to high variability in 
mortality data collected, Tukey's Studentized Range test 
was not used for analysis. Ryan-Einot-Gabriel-Welsh
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Multiple Range test (REGWQ alpha = 0.05) groupings were 
used to arrange treatments in descending order of 
efficacy and to organize into statistically similar 
groups (Table 5.2).
Results and Discussion
For* 3 II sori-inoi p o p u l a t i o n s t no s i g n i f i c a n t
difference was observed between VectoBac® WDG and the 
control; therefore, this product is not recommended to 
control C x . salinarius or Ps. columbiae in ricefield 
agroecosystems. Additional findings showed no 
significant difference between VectoBac® 12AS and the 
control in C x . salinarius treated aerially and Ps. 
columbiae treated by ground application. In Texas, 
VectoBac® 12AS did provide significantly greater 
mortality in C x. salinarius than the control. A similar 
combination of agent and ground application did not 
control the Psorophora populations that were present in 
the field.
In both Louisiana and Texas plots, mean mortalities 
for untreated sentinel populations exceeded 10%; 
therefore, mortalities were corrected using Abbott's 
Transformation. Because untreated sentinel larval 
mortality was corrected, these data will not be included 
in graphs.
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Table 5.2. Mean percent reduction of Cx. salinarius and Ps. columbiaet larvae in 
small rice plots treated with various formulations of Bacillus thuringiensis and 
Bacillus sphaericusa.
Aerial Application Ground Application
Cx. salinarius Cx. salinarius Ps. columbiae
Treatment REGWQ Mean REGWQ Mean REGWQ Mean
VL/CG A 41.04 A 63.03 A 76.28
VL/WDG A 38.69 A 54.44 B 48.91
VB/12AS B 6.25 B 32.08 BC 37.82
VB/WDG B 12.17 C 13.38 C 24 .00
CONTROL B 12.31 C 11.71 C 20.59
a Means with the same letter are not significantly different (P^O.05) by REGWQ.
VactoBac® (Baollloa thuringimamim var. iaraaliaaala) 
Nattabla Diaparsibla Oranula - Aarial application. This 
product did not exhibit any overall difference in 
mortality from the control (REGWQ = 12.17) (Table 5.2). 
VectoBac® WDG produced continuous, though poor, control 
of sentinel Cx. salinarius (Fig 5.2) throughout the 
study. On day 2, maximum mortality of 22% was seen for 
this formulation. Surveys of native populations of 
Culex spp. (Table 5.3) do not illustrate the same 
response. In fact, control of both late and early 
instar native larvae was achieved 24 hours after 
treatment. Populations remained below half their 
original densities during most of the study. Early 
instar densities remained low until day 9 when 
resurgence in population densities was observed. This 
test was ended on post-treatment day 16 due to a drop in 
mortality in the natural population as well as the 
threshold never reaching 50% mortality in the sentinel 
populations.
Control of native late instar An. quadrimaculatus 
larvae was excellent (>50%) through day 13, but on day 
16 population numbers began to increase and may have 
surpassed pre-treatment densities had another 
observation day been recorded for this larvicide
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Figure 5.2. Sentinel Cx. salinarius larval response to VectoBac WDG 
over time using two application methods.
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Table 5.3. 
rice fields
Reaction indices for 
with VectoBac® WDG ,
native Culex 
Oct. 15-Dec
larval populations treated in Louisiana 
2., 1997 in Crowley, LA.
Early Instar Late Instar
Day VB/WDG Control VB/WDG Control
0 46.00 23.00 16.00 22.00
1 0.48 1.43 0.19 1.41
2 0.22 0.87 0.63 0.91
3 0.04 0.74 0.56 0.86
6 0.02 0.43 0.38 1.23
9 0.83 0.70 0.31 0.91
13 0.52 0.13 0.19 0. 36
15 0.02 0.13 0.13 0. 36
(Table 5.4). Control of early instars was sporadic with 
this larvicide. Early instar densities were reduced 
100% for the first 48 hrs; then resurgence in densities 
occurred. The largest density for this instar was 
recorded on day 9, a subsequent decrease was observed 
during the following observation period. This decrease 
and a similar one in the late instar larvae may 
correlate with rainfall on day 9 (Fig. 5.1); however, 
there is no evidence to indicate that the rainfall 
caused this decrease. It is possible that the wettable 
dispersible granules that had settled at the bottom of 
the ricefield were agitated by the rain and floated to 
the water surface where the larvae could ingest the 
bacterial crystals.
Ground application. This formulation did not exhibit 
any overall difference in mortality from the control 
groups in either Cx. salinarius (REGWQ =13.38) or Ps. 
columbiae (REGWQ = 24.00) (Table 5.2). VectoBac® WDG 
produced excellent control of both sentinel Cx. 
salinarius (Fig 5.2) and Ps. columbiae (Fig 5.3) on 
post-treatment day 1 with respective average mortalities 
of 95.3% and 100%. Efficacy of this formulation was 
lost on day 2 of the study. This decline in 
effectiveness is expected with Bti. The surveys of
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Table 5.4. 
Louisiana
Reaction indices for native Anopheles larval 
rice fields with VectoBac® WDG, Oct. 15-Dec.
populations 
2, 1997 in C
treated in 
:rowley, LA.
Early Instar Late Instar
Day VB/WDG Control VB/WDG Control
0 4.00 7.00 5.00 3.00
1 0.00 0.86 0.00 2.33
2 0.00 0.43 0.00 0.67
3 0.50 1.00 0.00 1.67
6 0.75 0.57 0.00 3.67
9 2.50 1.29 0.40 1.33
13 0.00 0.14 0.00 2.67
15 0.75 0.00 0.80 1.00
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Figure 5.3. Sentinel Ps. columbiae larval response to biological
toxicants over time using ground applications.
native larval populations of Culex spp. (Table 5.5) 
within the test plots illustrate this response as well. 
On day 1, reaction index values dropped to zero but 
rapidly rebounded to levels greater than the pre- 
treatment values. This is in keeping with the fact that 
Bti generally has little significant residual action. 
This test was ended on post-treatment day 37 for Cx. 
salinarius and post-treatment day 30 for 
Ps. columbiae due to the drop in overall mortality below 
the 50% threshold in the sentinel populations.
The survey of native Anopheles spp. (Table 5.6) 
indicates excellent control (>50%) in late instar larvae 
through day 34 of the study. Early instar control 
appears sporadic; however, after day 1 larval densities 
exceed those of the untreated plot. This indicates that 
this formulation loses its efficacy against early instar 
larvae after day 1.
VactoBac® (Bacillus thuringimnsim rax. iaramlimnmia)
12A8 - Aerial application. The REGWQ grouping shows 
that the VectoBac® 12AS formulation of Bti provided less 
control of sentinel Culex larvae than the WDG 
formulation (Table 5.2); however there was no 
significant difference. This formulation provided its
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Table 5.5. Reaction indices for native Culex larval populations treated in 
Texas rice fields with VectoBac® WDG, Sept. 13-Nov. 4, 1997 in Beaumont, TX.
Day
Early Instar Late Instar
VB/WDG Control VB/WDG Control
0 2.00 7 .00 1 .00 13.00
1 0.00 1.71 0.00 0.38
3 20.50 19.00 2.00 0.46
6 12.50 1.71 0.00 1.08
13 1. 50 0.86 4.00 0.08
15 2.50 0.00 2.00 0.08
20 7.00 2.29 12.00 0.77
22 4.00 1.14 3.00 0.23
27 0.50 0.14 0.00 0.00
30 2.00 0.71 0.00 0.08
34 0.00 2.14 0.00 0.08
37 0.00 0. 57 0.00 0.08
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Table 5.6. Reaction indices for native Anopheles larval populations treated in 
Texas rice fields with VectoBac® WDG, Sept. 13-Nov. 4, 1997 in Beaumont, TX.
Day
Early Instar Late Instar
VB/WDG Control VB/WDG Control
0 10.00 11.00 3.00 8.00
1 0.00 1.54 0.33 0.88
3 1.20 0.36 0.00 0.12
6 1.50 1.00 0.33 0.12
13 0.80 0.27 0.00 0.12
15 0.30 0.09 0.33 0.12
20 0.20 0.18 0.00 0.00
22 0.10 0.09 0.00 0.00
27 0.00 0.18 0.00 0.12
30 0.40 0.54 0.00 0.00
34 1.20 0.64 0.00 0.25
37 0.20 1.00 0.67 0.62
best overall control (36% average mortality) on post­
treatment day 1 (Fig 5.4). Curiously enough, for Cx. 
salinarius native populations, this formulation did 
produce fairly consistent control in early instar larvae 
throughout the 16 days of the study. Late instar 
densities were reduced 50% or more on ail but 2 days 
(days 2-3) (Table 5.7). As with the WDG formulation, a 
decrease in early instar densities was seen on day 9.
The VectoBac 12AS formulation seems to have some 
residual effect of up to 9 days in the Crowley 
ricefield.
Control of late instar Culex populations is not as 
successful as that of Anopheles (Table 5.8). Late 
instar Anopheles were controlled 100% until day 9; 
however, densities were maintained below that of the 
controls. Early instar larvae were reduced by 75% or 
greater until the rain on day 9, at which time this 
formulation lost its efficacy when compared to the 
control (2.00 vs. 1.29).
Ground application. The REGWQ grouping shows that the 
12AS formulation of Bti provided more overall control of 
Psorophora sentinel mosquitoes and was statistically 
similar, though empirically lower (Table 5.2), to the 
amount of control provided by the Bacillus sphaericus
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Figure 5.4. Sentinel Cx. salinarius larval response to VectoBac 12AS 
over time using two application methods.
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Table 5.7.
Louisiana
LA.
Reaction indices for native Culex larval 
rice fields with VectoBac® 12AS, Oct. 15-
populations 
Dec. 2, 1997
treated in 
in Crowley,
Early Instar Late Instar
Day VB/12AS Control VB/12AS Control
0 20.00 23.00 16.00 22.00
1 0.40 1.43 0.19 1.41
2 0.30 0.87 0.63 0.91
3 0.05 0.74 0.56 0.86
6 0.15 0.43 0.38 1.23
9 0.65 0.70 0.31 0.91
13 0.00 0.13 0.19 0.36
15 0.15 0.13 0.13 0.36
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Table 5.8. Reaction indices for native Anopheles larval populations treated in 
Louisiana rice fields with VectoBac® 12AS, Oct. 15-Dec. 2, 1997 in Crowley, LA.
Day
Early Instar Late Instar
VB/12AS Control VB/12AS Control
0 4.00 7. 00 5.00 3. 00
1 0.25 0.86 0.00 2.33
2 0.25 0.43 0.00 0.67
3 0.00 1.00 0.00 1.67
6 0.25 0. 57 0.00 3. 67
9 2.00 1.29 0.40 1. 33
13 0.50 0.14 0.00 2.67
15 0.50 0.00 0.80 1.00
WDG formulation. Likewise, 12AS provided greater 
mortality in Culex than did the Bti WDG formulation. 
Curiously enough, for Cx. salinarius (Fig 5.4), this 
formulation did not produce good control on post­
treatment day 1; instead the best control was seen on 
post-treatment day 9, after a rain, with 90.9b average 
mortality being recorded on this particular day. For 
Ps. columbiae, 95% mortality was seen on post-treatment 
day 1 (Fig 5.3) followed by a decline in activity and 
then recovery on post-treatment day 9 to 71.4% 
mortality. Against the native population of Culex spp. 
(Table 5.9) this formulation showed good action against 
early instar larvae, suppressing the reaction index to 
below that of the controls throughout the test, 
especially on post-treatment day 3 (1.57 vs. 19.00). 
Against late instar larvae, the VectoBac® 12AS 
formulation showed suppression of populations only on 
post-treatment days 1 and 3, with little or no control 
there after.
Against native Anopheles spp. (Table 5.10) this 
formulation exhibited control throughout most of the 
study. Reaction indices of early instar Anopheles spp. 
larvae were suppressed below that of the controls on all 
but days 3-6. Late instar larvae, on the other hand,
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Table 5.9. Reaction indices for native Culex larval populations treated in Texas 
rice fields with VectoBac® 12AS, Sept. 13-Nov. 4, 1997 in Beaumont, TX.
Day
Early Instar Late Instar
VB/12AS Control VB/12AS Control
0 20.00 23.00 16.00 22.00
1 0.40 1.43 0.19 1.41
2 0.30 0.87 0.63 0.91
3 0.05 0.74 0.56 0.86
6 0.15 0.43 0.38 1.23
9 0.65 0.70 0.31 0.91
13 0.00 0.13 0.19 0.36
15 0.15 0.13 0.13 0.36
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Table 5.10. Reaction indices for native Anopheles larval populations treated in 
Texas rice fields with VectoBac® 12AS, Sept. 13-Nov. 4, 1997 in Beaumont, TX.
Day
Early Instar Late Instar
VB/12AS Control VB/12AS Control
0 26.00 11.00 2.00 8.00
1 0.23 1.54 0.00 0. 88
3 1.08 0.36 1.00 0.12
6 1.19 1.00 0.50 0.12
13 0.15 0.27 0.50 0.12
15 0.00 0.09 0.00 0.12
20 — 0.18 — 0. 00
22 — 0. 09 — 0.00
27 0.00 0.18 0.50 0.12
30 0.04 0.54 0.50 0.00
34 0.00 0.64 0.00 0.25
37 0.00 1.00 0.00 0.62
were suppressed only on days 1, 15, and those following 
day 34. The VectoBac® 12AS formulation seems to have 
some residual effect against native early instar larvae 
in Texas ratoon rice (mortality >50%).
VcctoLux® (Saci.22u« aphmmrieam) Wattatola Diaparaibl* 
Granule - Aarlal application. The REGWQ analysis places 
this formulation's overall effectiveness as being better 
than the two VectoBac® formulations (Table 5.2).
Although empirically lower than the VectoLex® CG 
formulation, there is no significant difference between 
the two. In Table 5.11, native, early instar Culex 
larvae show a decrease in population size by day 2. At 
day 9, early instar densities increase, and although the 
densities decrease below their pretreatment levels, 
their reaction indices remain above the controls. The 
decrease that we see in the early instar densities 
appears to correlate with the rain on day 9 of the 
study. It is possible that the agitation of the water 
not only brought the B. thuringiensis back into the 
water column but also reactivated the B. sphaericus.
This reactivity is futile however, because the untreated 
plot shows greater reductions in population densities 
than does the VectoLex® WDG. This formulation is
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Table 5.11. Reaction indices for native Culex larval populations treated in 
Louisiana rice fields with VectoLex® WDG, Oct. 15-Dec. 2, 1997 in Crowley, LA.
Early Instar Late Instar
Day VL/WDG Control VL/WDG Control
0 16.00 23.00 7.00 22.00
1 1.00 1.43 3.57 1.41
2 0.63 0.87 1.71 0. 91
3 0.13 0.74 2.43 0.86
6 0.19 0.43 2.14 1.23
9 1.81 0.70 1.86 0. 91
13 0.13 0.13 0.86 0.36
15 0.38 0.13 1.57 0.36
20 0.69 0.43 0.57 0.09
22 0.94 0.43 1.71 0.14
34 0.00 0.04 0.28 0.23
37 0.25 0.43 0.00 0.14
48 0.00 0.00 0.14 0.14
effective against early instar larvae in Louisiana 
ricefield agroecosystems for 9 days.
Unlike the early instar larvae, the late instar 
larvae appear unaffected by the VectoLex® WDG (Table 
5.11). This formulation fails to kill more than 50% of 
the native late instar Culex larvae until day 34 of the 
trial. Unlike the native early instar populations which 
show an increase in density, the sentinel Culex 
populations show an increase in mortality (Fig 5.5). 
Greatest mortality in the sentinel population is 
recorded at day 37.
Early instar Anopheles larvae were affected 
immediately by the B. sphaericus and continued to be 
controlled throughout the test (Table 5.12). A decrease 
in the early instar density on day 22 corresponds with 
another rainfall in Crowley. It is possible that the 
granules were re-suspended in the water column after 
this rain. Like the late instar Culex, the late 
Anopheles show little to no control on all but one 
sampling day (day 13). Day 13 followed the four-day 
rainfall and showed complete control of late instar 
larvae. Control of these larvae failed until the end of 
the study.
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Figure 5.5. Sentinel Cx. salinarius larval response to VectoLex WDG 
over time using two application methods.
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Table 5.12. Reaction indices for native Anopheles larval populations treated
in Louisiana rice fields with VectoLex® WDG, Oct. 15-Dec. 2, 1997 in Crowley, 
LA._______________________________________________________________________ _____
Early Instar Late Instar
Day VL/WDG Control VL/WDG Control
0 10.00 7.00 3.00 3.00
1 0.10 0.86 2.33 2.33
2 0.30 0.43 2.33 0.67
3 0.20 1.00 2.67 1.67
6 0.10 0.57 0.67 3.67
9 0.30 1.29 1.33 1.33
13 0.30 0.14 0.00 2.67
15 0.20 0.00 0.67 1.00
20 0.70 0.00 1.33 0.00
22 0.10 0.00 1.67 1.00
34 0.10 0.71 1.33 1.00
37 0.40 0.00 0.00 0.00
48 0.30 0.14 0.00 0.00
Qround application. This formulation out-performed both 
B. thuringiensis formulations in residual effect and 
overall mortality for both sentinel species (Table 5.2). 
VectoLex® WDG remained effective (mortality >50%) 
against Ps. columbiae for 15 days after treatment (Fig 
5.3) and tor 9 days against Cx. salinarius with a 
resurgence at day 37 in this species (Fig 5.5). The 
resurgence of larvicidal activity on day 37 corresponds 
with rainfall in Texas during this period. This hints 
that the agitation of water by rain may result in the 
reactivation of the bacteria.
VectoLex® WDG provided great control of native 
Culex populations throughout the study (Table 5.13).
This formulation provided at or near 100% control on all 
but two days (days 20-22). Similar effects were 
observed in native early instar larvae.
Reaction indices of native Anopheles populations 
indicate that this formulation had little to no effect 
against this species when compared to the control plot 
(Table 5.14). Although native population densities 
appear to decline on day 20 in early instar larvae, a 
comparison to the control plot indicates that control 
densities are smaller than treated densities 4 out of 
the 7 days.
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Table 5.13. Reaction indices for native Culex larval populations treated in 
Texas rice fields with VectoLex® WDG, Sept. 13-Nov. 4, 1997 in Beaumont, TX.
Day
Early Instar Late Instar
VL/WDG Control VL/WDG Control
0 22.00 7.00 4 .00 13.00
1 0. 00 1.71 0.00 0.38
3 1.04 19.00 0.00 0.46
6 0.09 1.71 0.25 1.08
13 0.00 0.86 0.00 0.08
15 0. 68 0.00 0.00 0.08
20 0.14 2.29 1.00 0.77
22 0.09 1.14 2.50 0.23
27 0.00 0.14 0. 00 0.00
30 0.00 0.71 0.00 0.08
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Table 5.14. Reaction indices for native Anopheles larval populations treated 
in Texas rice fields with VectoLex® WDG, Sept. 13-Nov. 4, 1997 in Beaumont, TX.
Day
Early Instar Late Instar
VL/WDG Control VL/WDG Control
0 6.00 11.00 1.00 8.00
1 0.33 1.54 1 .00 0.88
3 2.67 0.36 4.00 0.12
6 8.33 1.00 11 . 00 0.12
13 2.50 0.27 8.00 0.12
15 0.83 0.09 3.00 0.12
20 0.67 0.18 1.00 0.00
22 0.17 0.09 1.00 0.00
27 0.50 0.18 2.00 0.12
30 0.00 0.54 0.00 0.00
34 0.17 0.64 0.00 0.25
37 0.00 1.00 2.00 0.62
48 0.67 0.27 1.00 0.25
VxetoLox® (Bscillus mphmmzicum) Coarae Granule - Aarial
application. Although significantly similar to VectoLex® 
WDG, this formulation provided the greatest mean 
mortality in the sentinel populations of Cx. salinarius 
in Louisiana. (Table 5.2). Similar evidence of this 
formulation's efficacy in Louisiana rice fields is seen 
in Figure 5.6. An increase in the mortality of Culex 
is seen over time.
Within 24 hours, VectoLex coarse granule 
formulations show a sharp decrease in the native 
populations of early instar Culex (Table 5.15).
Mortality in the late instar Culex is delayed by three 
days; however, by day 6 the density appears to decrease 
throughout the remainder of the test. Late instar 
densities do exceed control densities throughout the 
study. Overall, both stages of larvae show a steady 
decrease in their population size.
Reaction coefficients for native Anopheles show a 
very sharp decrease in early instar populations (Table 
5.16). A slow, sporadic decrease is observed in the 
late instar population. An increase in density can be 
observed on day 9; however, rainfall on this day may 
have agitated the water, thereby reactivating the
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Table 5.15. Reaction indices for native Culex larval populations treated in 
Louisiana rice fields with VectoLex® CG, Oct. 15-Dec. 2, 1997 in Crowley, LA
Early Instar Late Instar
Day VL/CG Control VL/CG Control
0 43.00 23 .00 23.00 22.00
1 0.30 1.43 1.83 1.41
2 0.30 0.87 0.52 0. 91
3 0.30 0.74 0.83 0.86
6 0.05 0.43 0.30 1.23
9 0.28 0.70 0.26 0.91
13 0.09 0.13 0.00 0.36
15 0.02 0.13 0.35 0.36
20 0.07 0.43 0.17 0.09
22 0.07 0.43 0.17 0.14
34 0.16 0.04 0.04 0.23
37 0.12 0.43 0.09 0.14
48 0.02 0.00 0.00 0.14
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Table 5.16. Reaction indices for native Anopheles larval populations treated in 
Louisiana rice fields with VectoLex® CG, Oct. 15-Dec. 2, 1997 in Crowley, LA.
Early Instar Late Instar
Day VL/CG Control VL/CG Control
0 19.00 7.00 8.00 3.00
1 0.32 0.86 1.38 2.33
2 0.32 0.43 0.50 0.67
3 0.05 1.00 0.00 1.67
6 0.05 0.57 0.50 3.67
9 0.21 1.29 0.75 1.33
13 0.11 0.14 0.00 2.67
15 0.00 0.00 0.13 1.00
20 0.00 0.00 0.25 0.00
22 0.16 0.00 0.00 1.00
34 0.05 0.71 0.00 1.00
37 0.05 0.00 0.13 0.00
48 0.00 0.14 0.13 0.00
larvicide so that it could kill any larvae that hatched 
during this re-flooding period.
Ground application. The REGWQ analysis indicates this 
formulation produces greater mortality than the 3 other 
bacterial larvicides. Against Cx. salinarius, residual 
activity of VectoLex® CG (Fig 5.6) was equivalent to 
VectoLex WDG (Fig 5.5), producing effective control out 
to posttreatment day 9 with several resurgences in 
larvicidal activity. Against sentinel Ps. columbiae, 
this formulation provided excellent control until the 
end of this study (Fig 5.3).
In the native Culex, this formulation showed good 
action by suppressing the reaction index to below that 
of the controls throughout the test, especially in the 
early instar larvae on post-treatment day 3 (2.16 vs. 
19.00) (Table 5.17). Control of early instar native 
Anopheles is not observed until day 13 in Texas (Table 
5.18). This decrease in population density may be due 
to rainfall on day 9. Late instar larvae show a similar 
trend; however, their reaction indices indicate a lack 
of control until day 20, based on a comparison with the 
control.
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Table 5.17. Reaction indices for native Culex larval populations treated in 
Texas rice fields with VectoLex® CG, Sept. 13-Nov. 4, 1997 in Beaumont, TX.
■o
CD
c/jin
Day
0
1
3
6
13
15
20
22
27
30
34
37
48
Early Instar
VL/CG
51.00
0.04
2.16
0.02
0.02
0.00
0.00
0.02
0.00
0.02
0.00
0.00
0.00
Control
7.00
1.71
19.00
1.71 
0.86 
0.00 
2.29
1.14 
0.14 
0.71
2.14 
0.57 
0.00
Late Ir.star
VL/CG
35.00
0.03
0.03
0.00
0.00
0.03
0.06
0.06
0.00
0.00
0.00
0.00
0.00
Control
13.00
0.38
0.46
1.08
0.08
0.08
0.77
0.23
0.00
0.08
0.08
0.08
0.00
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Table 5.18. Reaction indices for native Anopheles larval populations treated 
in Texas rice fields with VectoLex® CG, Sept. 13-Nov. 4, 1997 in Beaumont, TX.
Day
Early Instar Late Instar
VL/CG Control VL/CG Control
0 16.00 11.00 13.00 8.00
1 1.19 1.54 0.77 0.88
3 1.12 0.36 0.85 0.12
6 2.19 1.00 0.46 0.12
13 0.25 0.27 0.31 0.12
15 0.06 0.09 0.15 0.12
20 0.06 0.18 0.08 0.00
22 0.06 0.09 0.00 0.00
27 0.12 0.18 0.00 0.12
30 0.00 0.54 0. 08 0.00
34 0.75 0.64 0.00 0.25
37 0.06 1.00 0.00 0.62
48 0.00 0.27 0.00 0.25
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SUMMARY AMD CONCLUSION
Management of adult mosquito resistance to 
insecticides has been a challenge for researchers, 
health officials, and mosquito abatement districts since 
the dawn of its use. The loss of efficacy in 
insecticides currently available for public health pests 
has greatly impaired control efforts. Information on 
the efficacy of insecticides currently labeled for 
mosquitoes as well as new experimental compounds to 
control populations of adult mosquitoes is vital to the 
monitoring of insecticide resistance in Louisiana. With 
proper monitoring, low frequencies of resistance can be 
detected and preventative measures taken to ensure the 
efficacy of the products available. Thus, laboratory 
resistance monitoring techniques (dose-mortality and 
discriminating concentration bioassays) were 
investigated for monitoring resistance in adult mosquito 
populations to insecticides (malathion, naled, 
permethrin, resmethrin). In addition, trials were 
conducted to evaluate the efficacy of Fyfanon® and a new 
compound Pyrocide® against adult mosquitoes in the 
field.
Management of mosquitoes occurs at the larval stage 
of development as well. Bacterial products, such as
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Bacillus thuringiensis var. israeliensis and Bacillus 
sphaericus have proven to be efficacious to natural 
populations of mosquito larvae. However, resistance to 
Bti has already been discovered. Efforts to monitor 
resistance in larvae to currently recommended larvicides 
(VectoLex® CG, VectoBac® 12AS, and VectoBac® WDG) as 
well as experimental compounds (VectoLex® WDG) is 
recommended. Thus, field trials were conducted to 
evaluate the efficacy of Bti and B. sphaericus in rice 
fields. During the course of these studies, several 
important observations were made. In the chapter 
evaluating selected malathion formulations against Culex 
quinquefasciatus and Aedes sollicitans, the Aedes 
sollicitans mosquitoes were found to be highly sensitive 
to insecticidal applications of the Fyfanon® and 
Pyrocide®. Mortality after 24 h exposure exceeded 95 
and 99%, respectively. In the Culex quinquefasciatus, 
the Lake Charles strain are the most tolerant of the 
strains assayed. This strain is significantly less 
susceptible to both formulations of malathion than 
either of the other two species assayed. Mortality 
after exposure to Fyfanon® was not significantly 
different from the control, indicating that this
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formulation had no effect on the population. Mortality 
did not exceed 15% with the Fyfanon®. An encouraging 
note, the natural pyrethrum in Pyrocide® increased 
mortality in this strain. Mortality ranged from 36-46%, 
making it significantly different from the control, yet 
still producing significantly lower mortality than seen 
in the other strains tested. Greatest mortality was 
achieved at 1 h posttreatment as opposed to 24 h 
posttreatment, probably due to the knockdown component 
of the natural pyrethrum.
In the same study, the Denham Springs strain of Cx. 
quinquefasciatus showed greater mortality with Pyrocide® 
(70%) than with Fyfanon® (49%). This strain was 
significantly less susceptible to both formulations than 
the Ae. sollicitans. With all strains, greatest 
mortality was generally achieved after 24 h exposure and 
in those mosquitoes held closest to the spray drift.
A second study looked at the responses of field- 
collected strains to selected insecticides using topical 
bioassays and revealed a greater number of strains 
showing resistance in 1997 than in 1998. Some possible 
reasons for this may be that directors began using the 
data collected in 1996 and 1997 to initiate an
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integrated pest management strategy. This would involve 
switching chemical classes as well as leaving an area in 
the parish untreated for adult mosquitoes to take 
refuge. This would allow populations to regain 
susceptibility over several generations. Another 
possibility is that mosquito larval habitats were more 
abundant in 1997 than in 1998, making it easier to 
collect from a greater number of parishes. A third 
reason, which was confirmed during this study, is that 
resistance is focal. Focal means that collections taken 
from different locations within the same parish showed 
varying degrees of susceptibility. This is evident in 
two strains collected from St. Tammany Parish (StTM97 
and StTS97; Mandeville and Slidell, respectively). 
Because mosquito habitats are not protected from 
environmental extremes (such as drought) and source 
reduction, collection from the exact same habitat was 
not always achieved. This played a factor in the 
varying resistance levels from year to year. Additional 
data indicated that significant differences in mortality 
between populations were seen in the Cx. 
quinquefasciatus exposed to malathion. Using a field 
collected population as a reference strain, we were able 
to compare confidence limits to determine significant
148
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differences in mortality among our field strain exposed 
to malathion and permethrin. In addition, only one 
strain of Aedes, StM98, was significantly different from 
the reference strain (Oua97) based on non-overlapping 
confidence limits. This strain was significantly more 
susceptible than the reference strain and the 
susceptible laboratory strain.
Further findings in this study indicate the 
populations in Louisiana appear to be more susceptible 
to permethrin than to malathion. There were significant 
differences between the LCsos of several of the field 
strains. For some field strains exposed to permethrin 
the LCsos were higher than that of the laboratory 
susceptible strain.
A third study evaluated a new resistance monitoring 
bioassay and compared the results to previous trials 
performed with an established assay. Using the bottle 
bioassay, resistance was seen in all Cx. 
quinquefasciatus populations tested with malathion and 
permethrin; however, the percentage survival was not 
significantly different from the susceptible reference 
strain in all the populations. This indicates that the 
level of resistance is low and that counter measures may 
aid in reversing the presence of resistance.
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Using the same assay, only four strains of Cx. 
quinquefasciatus showed resistance to naled. Of those, 
only two strains, Asc and EBR were significantly 
different from the reference strain as well as to all 
other strains assayed.
When the efficacy of resmethrm was assayed, many 
strains of Cx. quinquefasciatus showed susceptibility. 
Of the populations assayed, one was notable. The 
percentage survival in the St. Bernard (StB) strain was 
significantly higher than all other strains assayed.
In addition to assaying Cx. quinquefasciatus with 
the bottle bioassay technique, two strains of Anopheles 
quadrimaculatus from Jefferson Davis Parish was also 
assayed. These strains showed tremendous resistance to 
all insecticides. Synergists were utilized in this 
assay to test if metabolic mechanisms were the cause of 
the resistance problem. Results indicated that MFOs 
were metabolizing the pyrethroids, but the esterases 
were not causing the organophosphate resistance.
A fourth study was conducted to evaluate the 
efficacy of Fyfanon® delivered at three rates against 
three strains of Cx. quinquefasciatus mosquitoes. The 
three strains evaluated in the study included a 
laboratory susceptible strain, a strain from a mosquito
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control area, and a strain from a high-use agrochemical 
area. The Fyfanon® rates evaluated were 2.0, 3.2, and 
4.3 oz/min (minimum, median, and maximum). The 
laboratory susceptible colony was highly susceptible to 
both the median and maximum rates of Fyfanon®.
With the Cx. quinquefasciatus strain collected from 
an agricultural area, Mississippi strain, the median 
rate produced significantly greater mortality than the 
maximum rate after 24 h exposure. This may be due to 
the size of the insecticide droplets. The maximum rate 
had a smaller mass median diameter (13.50//) than the 
median rate (15.56//), which would indicate that more 
toxicant was capable of adhering to the mosquito. The 
same mortality was seen in the Slidell strain, which is 
exposed only to public health insecticides and not to 
agricultural insecticides. Significantly greater 
mortality was seen with the median rate than with the 
maximum rate. Overall, the study indicated that there 
were no significant differences between the Culex 
exposed to agricultural insecticides and those exposed 
to public health insecticides.
The final study evaluated the efficacy of VectoLex® 
and VectoBac® formulations against mosquito larvae in
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Louisiana and Texas ratoon rice fields. Rice fields in 
Louisiana were treated aerially with 4 larvicide 
formulations. Two of the formulations were Bacillus 
thuringiensis var. israeliensis and two were Bacillus 
sphaericus. The efficacy of these products against Cx. 
salinarius were evaluated. Results from this study show 
that the B. sphaericus produces significantly greater 
mortality than the two Bti formulations. One of the B. 
sphaericus formulations, VectoLex® WDG, is still in the 
experimental stage of development. The two Bti 
formulations produced mortality not unlike that 
naturally occurring in the control.
The same formulations were assayed for their efficacy 
against Cx. salinarius and Ps. columbiae in Texas.
Ground application of the products was accomplished with 
a backpack sprayer. Mortality results with Culex are 
similar to the results in Louisiana. The two B. 
sphaericus products produced significantly greater 
mortality than the Bti formulations; however, the 
VectoBac® 12AS produced significantly greater mortality 
than the VectoBac® WDG and the control. VectoLex® CG 
produced significantly greater mortality in the Ps. 
columbiae than the VectoLex® WDG. Mortality caused by
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VectoLex® WDG was not different from VectoBac® 12AS, 
but both were significantly different from the control 
and the VectoBac® WDG. In all trials, the VectoBac® 
WDG was not significantly different from the control. 
More research is needed to test the efficacy of this 
product.
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Table A.I. Dose-mortality data for adult Psorophora columbiae mosquito strains 
from topically applied malathion.
Strain3 nb Slope + /- SE LD50 (95% CL)c X2 df
Cal96 340 1.28 + /- .19 21.26 (10.56-35.47) 45.01 32
Cal97 170 0.75 + /- 0.28 79.29 (12.29-161.0) 18. 31d 8
EBR98 60 4 .08 + /- 0.76 1.10 (0.89-1.27)c 5
Oua97 92 0 .08 + /- 1. 56 — 0.06 2
Ver96 170 0.67 + /- . 12 47.84 (22.06-147.86) 19.92 15
Ver97 100 3.58 + /- 1.18 71. 56 (18.15-102.30) 0.84 2
Ver98 300 2. 64 + /- 0.55 15.12 (7.35-21.11) 3.53 2
a Strains are identified by field collection location in Louisiana. Cal96 and 
Cal97=Calcasieu; EBR98=East Baton Rouge; Oua97=Ouachita; Ver96, Ver97, and 
Ver98=Vermilion. 
b Total number of adults tested including controls.
c Doses reported in fiq malathion per adult; significance based on non­
overlapping confidence limits using probit analysis. 
d Significant X2 value at 0.05 level.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Table A.2. Dose-mortality data for adult Culex quinquefasciatus mosquito 
strains from topically applied naled._____________________________________
Strain® nb Slope +/- SE LDso (95% CL) c X2 df
Cad97 410 0.67 + /- 0.10 48.59 (24 .14-107.15) 19.26 12
Cal97 320 2.67 + /- 0.76 67.17 (3.10-95.69) 7.16 3
Cal98 606 3.03 + /- 0.27 61.50 (55.58-67.56) 3.21 3
Con98 169 2.29 + /- 0.39 26.49 (20.39-33.51)c 3. 65 6
EBR98 240 4.06 + /- 1.13 32.49 4 .07d 5
Jeff97 100 3.70 + /- 1.05 185.55 (153.45-242.64)° 3.27 2
Jeff98 305 1.08 + /- 0.30 14 .59 (4.79-22.21)° 3.52 3
Liv97 387 2.28 + /- 0.27 54.69 (46.21-63.74) 4.86 3
* Strains are identified by field collection location in Louisiana. Cad97=Caddo; 
Cal97 and Cal98=Calcasieu; Con98=Concordia; EBR98=East Baton Rouge; Jeff97 and 
Jeff98=Jefferson Davis; and Liv97=Livingston. 
b Total number of adults tested including controls.
c Doses reported in pg naled per adult; significance based on non-overlapping 95% 
confidence limits using Liv98 as a reference strain . 
d Significant X2 value at 0.05 level.
(Table continued)
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(Table A.2. continued)
Strain* nb Slope + /- SE LDso (95% CL) c X2 df
Liv98 360 3.21 + /- 0.38 20.37 (17.07-23.53)c 4.54 3
Oua97 200 1.77 + /- 0.31 45.05 (26.09-63.22) 3.83 2
Oua98 143 2.42 + /- 0.96 8.21 (1.67-11.11)° 1.59 5
StB97 196 3.00 +/- 0.42 37.48 (30.45-45.37)° 3.49 4
StB98 262 2.19 + /- 0.50 19.50 (14.19-23.98)c 0.28 2
StTM98 140 3.75 + /- 1.60 50.81 4.9 3
StTS98 360 3. 68 +/- 1.38 17 .89 24 . 7 9d 3
Ver98 267 2.25 + /- 0.33 54 .56 (44.93-67.32) 4.02 5
Ver98 680 1.99 + /- 0.46 40.09 (13.48-59.25) 14.42d
a Strains are identified by field collection location in Louisiana. Cad97=Caddo; 
Cal97 and Cal98=Calcasieu; Con98=Concordia; EBR98=East Baton Rouge; Jeff97 and 
Jeff98=Jefferson Davis; and Liv97 and Liv98=Livingston, Oua97 and Oua98=Ouachita, 
StB97 and StB98=St.Bernard, StTM98 and StTS98=St.Tammany, Ver98=Vermilion. 
b Total number of adults tested including controls.
c Doses reported in pg naled per adult; significance based on non-overlapping 95% 
confidence limits using Liv98 as a reference strain . 
d Significant X2 value at 0.05 level
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Table A.3. Dose-mortality data for adult Psorophora columbiae mosquito 
strains from topically applied permethrin____________________ __________
Strain* nb Slope ± SE LDbo (95% CL)c X2 df
Cad97 54 2.31 + /- 0.80 1.65 (0.81-2.7) 0.64 1
Cal96 580 .74+/- .72 .45 (.16-.97) 99.36d 49
Cal97 275 1.93 +/- 0.27 0.57 (0.40-0.74) 8.72 5
Oua97 90 1.92 +/- 0.48 2.64 (1.71-4.13)c 2.46 2
Ver98 240 1.58 +/- 0.29 0.23 (0.12-0.34) 1.19 2
“ Strains are identified by field collection location in Louisiana. Cad97=Caddo;
Cal96 and Cal97=Calcasieu; Oua97=Ouachita; and Ver98=Vermilion. 
b Total number of adults tested including controls.
c Doses reported in //g malathion per adult; significance based on non-overlapping 
confidence limits using probit analysis. 
d Significant X2 value at 0.05 level.
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Table A. 
strains
4. Dose-mortality data for adult 
from topically applied resmethrin.
Culex quinquefasciatus mosquito
Strain n Slope ± SE LDso (95% CL) X2 df
Asc97 100 1.93 + /- 0.45 5.40 (3.73-9.42)b 2.9 2
Cal96 170 1.21 + /- .15 3.78 (1.99-6.72) 27.11 15
Cal97 297 2.06 + /- 0.39 3.67 (1.81-5.87) 11.94c 5
Cal98 254 1.09 + /- 0.21 0.04 (0.01-0.09)b 2.01 4
EBR97 440 2.13 + /- 0.47 5.74 (2.85-9.99) 26.75° 5
EBR98 209 2.67 +/- 0.80 0.05 (0.03-0.07) 1.28 4
EFe97 220 1.40 + /- 0.23 1.86 (0.88-2.96) 4 .77 5
Jeff96 395 1.77 + /- .21 5. 96 (3.91-8.22)b 66. 94 37
(Table continued)
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(Table A.4. continued)
Strain n Slope ± SE LD50 (95% CL) X2 df
StTS97 255 1.29 + /- 0.39 4.76 (0.66-8.26) 2.9 2
StTSD97 220 2.65 + /- 0.37 63.41 (48.72-77.83)b 1.56 3
StTSL97 145 2.46 + /- 0.47 32.98 (19.46-45.81)b 7.57 5
Ver96 469 1.53 + /- 0.18 13.24 (7.49-19.97)b 123.7 44
Ver97 224 1.84 + /- 0.35 0.61 (0.33-0.86) 4.82 3
a Data too heterogeneous to determine slope and provide useful 95% confidence 
limits using probit analysis. 
b Significantly different from other strains based on non-overlapping 95% 
confidence limits using Efe97 as a reference strain. 
c Significant X2 value at 0.05 level.
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